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MEASUREMENTS AND PREDICTIONS OF FLYOVER AND STATIC NOISE

OF A TF30 AFTERBURNING TURBOFAN ENGINE

Frank W. Burcham, Jr. and Paul L.. Lasagna
Dryden Flight Research Center

and

Stanley C. Oas
Boeing Commercial Airplane Company

INTRODUCTION

The effects of forward velocity on the noise produced by jet engines is an
important factor in determining the environmental impact of aircraft noise. The
characteristics of noise produced at static (ground) conditions are well documented
for nonafterburning turbofan and turbojet engines. The static noise characteristics
of afterburning engines are not so well known. The flyover noise characteristics
of nonafterburning turbofan and turbojet engines have been the subject of several
recent studies (refs. 1 and 2). However, the flyover noise characteristics of
afterburning jet engines are not well documented. For supersonic transport aircraft
powered by afterburning engines, the effects of forward velocity on noise must
be known to provide an accurate assessment of such aircrafts' environmental
acceptability. There is some evidence that internally generated noise, which is
almost completely dominated by jet mixing noise at static conditions, becomes an
important factor when forward velocity is considered (ref. 3).

Therefore, the NASA Dryden Flight Research Center conducted a series of
tests to measure the noise characteristics of the TF30 afterburning turbofan engine.
This engine was installed in an F-111 airplane and was involved in tests of an
integrated propulsion control system (IPCS). The IPCS provided full-authority
digital control of the left engine of the F-111 airplane. This provided a capability
to repeatably vary some engine parameters, such as exhaust velocity profile, that
cannot normally be controlled in flyover noise tests.

Flyover tests were conducted at a Mach number of approximately 0.4, a typical
climbout speed for a supersonic aircraft, for a range of power settings. Static noise



tests were conducted at similar engine conditions for comparison with the flyover
data. A survey was made of exhaust temperatures and velocities for the various
test conditions. Some preliminary results of all these tests are presented in
reference 4. This paper presents more information about the tests, tabulations
of the test results, and limited analysis. In addition, the noise measurements
are compared with the results of current prediction methods. Sufficient data are
presented to allow the reader to perform a more detailed analysis of the results.

SYMBOLS AND ABBREVIATIONS

Units are given in the International System of Units (SI) and parenthetically
in U.S. Customary Units. Most of the measurements were made in Customary
Units and converted to SI Units.

A area, m2 (ftz)

diameter of exhaust exit, m (ft)

f frequency, Hz
IPCS integrated propulsion control system
KI constant (ref. 3)
M Mach number
NPR nozzle pressure ratio, pts/pamb
OASPL overall sound pressure level, dB, ref. 2 X 107 Pa (2.9 X107? lb/inz)
OBCF octave band center frequency, Hz
PNL perceived noise level, dB, ref. 2 X 107° Pa (2.9 X107° 1b/in?)
2 .2
P pressure, KN/m~ (Ib/in")

range from microphone to nozzle exit plane, m (ft)

R’ range from microphone to predominant noise source, m (ft)
SLD sideline distance, m (ft)
SPL sound pressure level, dB, ref, 2 X 10_5 Pa (2.9 X 10_9 1b/in2)

T temperature, K (°R)



Subscripts:

a

amb

corr

eff

velocity , m/sec (ft/sec)

mass flow, kg/sec (Ib/sec)

distance downstream of nozzle, m (ft)

angle of attack, deg

ratio of specific heats

angle from inlet axis, referenced to nozzle exit plane, deg (figs. 9

and 12)

angle from inlet axis, referenced to predominant noise source, deg

(see appendix)

airflow

ambient conditions
core portion of engine
corrected

fan duct portion of engine
effective

fuel flow

gas flow

ideal

indicated

jet

main burner

total

free stream



3,4,6,7,8 engine stations (fig. 2), as follows:
3 compressor discharge
4 turbine inlet
6 afterburner inlet
7 primary nozzle exit

8 location at which exhaust is fully expanded to ambient
pressure

DESCRIPTION OF TEST EQUIPMENT

F-111 Airplane

The F-111 airplane (fig. 1) is a two-place twin-engine supersonic fighter with
variable-sweep wings. It is approximately 23 meters (76 feet) long and has a
maximum weight in excess of 400,000 newtons (90,000 pounds) ., It is powered
by two TF30 engines installed side by side in the aft fuselage. The inlets are
located under the wing glove.

TF30 Engine

The TF30 engine (fig. 2) is a low bypass ratio (=1) afterburning turbofan
engine. It is equipped with a three-stage fan, a six-stage low pressure compressor,
and a seven-stage high pressure compressor. The main combustor consists of
eight burners of the can-annular type. A single-stage turbine drives the high
pressure compressor, and a three-stage turbine drives the fan and low pressure
compressor. The fan and core streams merge at the entrance to the afterburner,
which is divided into five zones to allow the smooth modulation of thrust. As shown
in figure 3, zone 1 is in the core stream near the fan duct-core boundary. Zones 2,
3, and 4 are located in the fan duct stream, and zone 5 is in the center of the core
stream. Figure 4 shows the normal fuel flow to each zone as a function of throttle
position for a typical test at static conditions. Military power (throttle angle of 68°)
is the maximum nonafterburning power setting. As throttle angle increases, fuel
flows sequentially to afterburning zones 1, 2, 3, 4, and 5. Since zones 2, 3,
and 4 are in the fan stream, the maximum zone 4 power setting causes most of the
afterburner fuel to be distributed to the fan flow. The maximum zone 5 power
setting results in an approximately uniform distribution of fuel in the fan and
core streams. During afterburning operation, the gas generator is reset at a higher
performance level. This resetting causes the main engine fuel flow, the turbine
discharge pressure and temperature, and the fan and core airflows to increase
above the military power levels.



The flameholders for the afterburner are shown in figure 5. The annular
flameholders are for core zones 1 and 5, and the radial flameholders are for the fan
duct zones (zones 2, 3, and 4). A variable-area convergent nozzle is used to
control the pressure level in the afterburner during afterburning operation. A
blow-in-door ejector nozzle is installed downstream of the primary nozzle. The
blow-in doors were open to the mechanical limits of the configuration for all data
reported herein; at high power settings, the primary nozzle restricted the blow-
in-door opening, as shown in figure 3. The blow-in-door mass flow at static
conditions is approximately 45.4 kilograms per second (100 pounds per second)
at military power and decreases to 16 kilograms per second (35 pounds per second)
at maximum afterburning power.

Integrated Propulsion Control System

The IPCS had full-authority control of the left propulsion system on the F-111
airplane. The system equipment consisted of electronic fuel controls, new pressure
and temperature sensors, an electrohydraulic inlet control, a digital computer and
interface unit, and a computer monitor unit in the cockpit. The IPCS had full-
authority control of the fuel flow to the main engine, of the primary nozzle area, and
of the fuel flow to all five afterburner zones. The control modes for these parameters
could be varied by using the cockpit computer monitor unit. The IPCS incorporated
an in—-flight thrust computation capability and a detector for afterburner instability
(called rumble) in the range from 40 hertz to 60 hertz. A more complete description
of the IPCS is given in reference 5.

INSTRUMENTATION

F-111 Airplane

Approximately 220 parameters were recorded on board the airplane during the
ground and flight tests. The parameters included most engine control input and
output parameters and some internally calculated parameters. Airplane speed,
altitude, angle of attack, fuel quantity, and pressures and temperatures at
various locations in the engine were also recorded. The data were recorded on an
onboard tape recorder and were also telemetered to a ground station for real time
display and monitoring .

Exhaust Survey Rake

An exhaust survey rake designed for pollution studies (ref. 6) was provided
by the NASA Lewis Research Center for use in the engine tests. The rake was mounted
in a large frame and could be translated horizontally and vertically. Figure 6
shows the survey rake positioned behind the F-111 airplane. Because of protruding
airplane parts, the probes had to be placed about 20 centimeters (7.9 inches)
downstream of the secondary nozzle. In the full inboard position, the rake was
in the exhaust for high engine power settings. In the full outboard position, the
rake was entirely outside the exhaust.



The rake was equipped with four total temperature probes and one total pressure
probe (fig. 7). Three of the four temperature probes incorporated iridium/iridium-
rhodium (Ir/Ir-Rh) thermocouples, while the center probe was a shielded platinum/
platinum-rhodium (Pt/Pt-Rh) thermocouple probe. The top and bottom Ir/Ir-Rh
probes were unshielded; the other Ir/Ir-Rh probe had a platinum shield. The
shielded probes were not expected to survive the entire test, but were installed to get
radiation correction data for the unshielded probes, as discussed in Data Reduction

and Analysis.

The pressure, temperature, and position measurements from the exhaust
survey rake were recorded by the airplane data acquisition system.

Acoustic Instrumentation

Several acoustic surveys were made, each with a different microphone arrange-
ment. The data acquisition system shown in figure 8 was used for each test. Each
channel consisted of a condenser microphone with cathode follower, a power supply,
and a line-drive amplifier. Line-drive amplifiers were used at each location. The
signal from the line-drive amplifier was routed through shielded two-conductor
cable to a mobile acoustic van, where the data were recorded on a 14-track wide-
band FM recorder. Oral comments describing each test and a broadcast time code
were also recorded.

Before and after each day's test, an acoustic calibration was applied to each
microphone channel. The resulting signal was recorded for use in the data reduc-
tion process. In addition, a pink noise calibration was recorded for each micro-
phone channel to verify flat frequency response over the analysis frequency range.

Atmospheric temperature, wind, and humidity were measured above the
acoustic van (10 meters (33 feet) above the ground) for all of the acoustic tests.
Atmospheric pressure was measured by the aircraft data acquisition system.

Static Noise Survey Instrumentation

Static noise surveys were conducted on the Edwards Air Force Base static
thrust measurement facility , which is a large, flat, circular concrete area 66 meters
(216 feet) in diameter with a concrete taxiway extending from one end (fig. 9).

The concrete is bordered by a strip of asphalt approximately 10 meters (33 feet)
wide. The soil beyond the pavement is sandy and sparsely vegetated. The nearest
buildings are approximately 1000 meters (3300 feet) away.

Static noise measurements were made at distances of 10 meters (33 feet) and
33 meters (110 feet) to the side of the exhaust centerline, as shown in figure 9. The
exact angular locations of the microphones varied from one test to another; the choice
of location was based on previous results. For the later tests, microphones were
eliminated from the forward quadrant, and microphones were added in the rear
quadrant at angles between 120° and 140°, All measurements were made over con-
crete. The microphones were mounted inverted, with the diaphragm about
1.3 centimeters (0.5 inch) above the concrete. This arrangement was used to mini-
mize uncertainties due to ground reflection (ref. 1). Each microphone was inside a
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cylindrical windscreen that was 7.6 centimeters (1.9 inches) in diameter, 12.0 centi-
meters (3.0 inches) high, and covered by 0.0l-centimeter (0.005-inch) thread at

44 threads per centimeter (112 threads per inch). A row of microphones is shown in
figure 10.

Flyover Noise Survey Instrumentation

For the flyover noise tests, the microphone array shown in figure 11 was used.
Inverted microphones with windscreens identical to those used in the static tests were
placed 15.2 meters (50.0 feet) apart at 11 locations along the centerline of the flight-
path. The microphone array was on a dry lakebed, a smooth, hardpacked, sandy
clay surface capable of supporting large airplanes.

Radar Tracking

For the flyover noise tests, the NASA FPS-16 precision tracking radar was used
to indicate the airplane's position with respect to the microphones. The airplane
was equipped with a radar transponder to aid in the tracking. The radar data were
recorded on magnetic tape along with a time code for use in the data reduction. The
radar data were also displayed in real time to verify the flight track and altitude.

Engine Thrust Instrumentation

The thrust of the TF30 engine at various power settings was measured on the
Edwards Air Force Base thrust-measuring facility. Thrust and static noise measure-
ments were made simultaneously. The accuracy of the thrust measurement was be-
lieved to be *1320 newtons (+300 pounds), or about 2 percent of a single engine's
maximum thrust,

Since the airplane could not be located on the thrust facility for all of the static
tests, sufficient instrumentation was installed in the engine to permit engine thrust
to be calculated. The Pratt & Whitney gas generator method was used, and the cal-
culation was performed in the IPCS computer as described in reference 5. Thrust was
calculated for all the static noise tests, exhaust velocity tests, and flyover noise tests.

DATA REDUCTION AND ANALYSIS

Exhaust Velocity Survey Data

The exhaust velocity survey data were recorded in the airplane's data acqui-
sition system. Temperature corrections and velocity were calculated in a data
reduction program.

Lag in the temperature measurements was evaluated by traversing the exhaust in
one direction and then returning in the other direction. The temperature lag was not
considered significant for afterburning conditions, and was neglected in the
data reduction.



The total temperatures recorded by unshielded Ir/Ir-Rh thermocouples were
subject to radiation errors at high temperatures. The following equation from
reference 7 was used to correct these errors (The equation is in SI Units):

T _2.845<Tind>3'82[1+4<Tind>]
corr 555.6 9\555.6
,,Mpt

In U.S. Customary Units the equation is:

. L1.976 <Tind>3'82 1+g<Tind>]
1000 5 \"T000

corr JI_VI?t

The correction typically amounts to approximately 10 K (18° R) at an indicated
temperature of 1100 K (1980° R) and approximately 114 K (205° R) at an indi-
cated temperature of 2200 K (3960° R). Although the shielded thermocouple probes
did not survive the severe environment in the exhaust, the data they provided at
high temperatures before failing substantiated the correction used.

Static pressure was not measured in the exhaust velocity survey and was
assumed to equal the ambient pressure measured at the airplane nose boom.
The exhaust nozzle pressure ratio (NPR) indicated slightly supersonic flow at
some power settings, and the assumption of ambient static pressure caused small
errors in velocity for these conditions. The ambient static pressure measurements
and total pressure measurements were used along with the fuel-to-air ratio and the
ratio of specific heats calculated from temperature to calculate the exhaust Mach
number. Thus, an iterative procedure was necessary to arrive at a final exhaust
Mach number. The final exhaust Mach number was multiplied by the local speed
of sound to arrive at the exhaust velocity.

Static Noise Survey Data

Data recorded from the static noise survey were processed with a computer-
controlled real time analyzer that met FAR Part 36 (ref. 8) specifications. The
data were subsequently scaled, and frequency corrections were made. Atmospheric
attenuation corrections based on the simplified method of reference 8 were made.
Standard day (ref. 8) values of overall sound pressure level (OASPL) and perceived
noise level (PNL) were calculated in addition to one-third octave band sound
pressure levels. No attempt was made to correct the data to free field conditions.
Data were averaged over time intervals ranging from 10 seconds to 45 seconds. The
estimated accuracy of the static noise data is +0.5 decibel.

The locations of predominant noise sources in the exhaust were identified by
using data from the two sideline microphone arrays by using the method described
in reference 9. The one-third octave band sound pressure levels (SPL's) were
plotted as a function of 6, and maximum values were obtained for the 10-meter
(33-foot) sideline array and the 33-meter (110-foot) sideline array. These



maximum values were plotted, and the location of the noise source along the exhaust
centerline was identified graphically, as shown in the sketch below.
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The free field noise predictions in references 3 and 10 were compared with the
measured data. The difference between free field predictions and measurements
made with ground plane microphones amounts to 6.0 decibels. For this reason,

6.0 decibels were added to the predicted noise values for all of the comparisons. An
additional correction was necessary for the prediction of static jet mixing noise
because the angle between the microphone and the jet axis, 8, was measured with
respect to the nozzle exit, whereas the source of jet mixing noise was downstream of
the nozzle (see sketch). The correction described in the appendix was made to
account for this discrepancy.

Radar Tracking Data

The radar tracking data from the flyovers were processed by using a digital
computer program. The program first screened the data for wild points, which
were eliminated. The data were then smoothed with a Kalman filter with coeffi-
cients optimized for that flyover track. Once a smoothed set of data was obtained,
axis transformations were performed to relate airplane location to microphone
location. A 13-meter (42.6-foot) shift was also incorporated to account for the
distance between the radar transponder and the exhaust exit. The exhaust angle
was calculated from aircraft flightpath, angle of attack, and microphone location
as shown in figure 12.

Flyover Noise Survey Data

Acoustic data from the 11 centerline microphones were processed by the
Boeing Commercial Airplane Company to produce an ensemble average for each



flyover. This technique permitted a short averaging time (0.1 second) to be used
while retaining reasonable statistical validity. To produce the ensemble average,
the analysis time for each successive microphone was delayed by the time required
for the aircraft to traverse the 15.2 meters (50.0 feet) between microphones. The
time histories for each microphone were inspected for adequate signal-to-noise
ratio, noise spikes, and consistency with the other microphone time histories,
and questionable data were thrown out. The remaining time histories were then
logarithmically averaged for each flyover. The time histories were then corrected
to a 152-meter (500-foot) flyover on a standard day. The data were again
inspected for adequate signal-to-noise ratio, and some of the high frequency data
at very small and very large values of 6 (long propagation distances) were found
to be in error due to large atmospheric attenuation corrections. In a few other
cases, 60-cycle noise was present for small values of 6. Data that were incorrect
for these reasons were eliminated prior to the calculation of OASPL values. The
remaining data were corrected to the appropriate exhaust angle, but no attempt
was made to correct the data to free field conditions. The estimated accuracy of
the flyover noise was *1 decibel.

The prediction methods described in references 3, 11, 12, and 13 were used
to calculate jet mixing, internal, and shock noise for the flyover data. Corrections
were made to these predictions to account for atmospheric absorption and the use
of ground microphones. The correction described in the appendix was applied
to the jet mixing noise component of the flyover noise prediction to account for the
downstream source of the jet mixing noise.

Engine Performance Data

It would have been preferable to measure thrust, exhaust velocity, and noise
simultaneously and for each test. However, simultaneous measurements were
impractical. Therefore, thrust and velocity profiles had to be calculated for some
of the static tests and all of the flyover tests. (Thrust and velocity profiles were
also calculated when measurements were available, for comparison purposes.)
The only data available for all tests were engine and airplane data, which included
measurements of temperature, pressure, fuel flow, airflow, and nozzle area.

From these measurements, the exhaust pressure ratio, fuel flow distribution,
and airflow during different tests could be compared, and exhaust velocity,
temperature, and thrust could be calculated.

To calculate these parameters, the primary nozzle mass flow was calculated
from engine airflow and fuel flow. Then the primary nozzle total pressure was
calculated from the measured turbine discharge pressure and pressure loss through
the afterburner, which was a function of mass flow and afterburner fuel flow.

The nozzle pressure ratio was the primary nozzle total pressure divided by the
ambient pressure measured at the airplane nose boom. At this point, the
temperatures from the exhaust velocity survey were assumed to be equal to those
for the static noise and flyover noise surveys with the same power setting. This
assumption was justified because the IPCS maintained a constant fuel-to-air ratio,
which should have resulted in a nearly constant temperature.
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With the calculated pressure and temperature, the exhaust flow was expanded
isentropically to ambient pressure to obtain an estimated ideal exhaust velocity.
For the flyover tests, a relative exhaust velocity was obtained by subtracting airplane
velocity from exhaust velocity. Mass flow through the blow-in doors was not con-
sidered as part of the exhaust mass flow.

TEST PROCEDURE

Three series of tests were conducted: the exhaust velocity survey, the static
noise survey, and the flyover noise survey. Thrust measurements were made
during two of the static noise tests. Several power settings were used during
each test series; these are listed in table 1, which also indicates the tables and
figures in which the corresponding data are presented. The lowest power setting
was military (maximum nonafterburning). The maximum zone 4 power setting
distributed most of the afterburner fuel to the fan duct stream and therefore pro-
duced a nonuniform temperature profile. The maximum zone 5 power setting resulted
in an approximately uniform distribution of fuel to the core and fan duct streams.

Additional exhaust conditions were obtained by using the IPCS to modify the
normal control modes. One such power setting, termed adjusted zone 4, was obtained
by reducing the zone 1 fuel flow by 80 percent while at maximum zone 4 fuel flow
for zones 2, 3, and 4. This caused almost all of the afterburner fuel to be burned in
the fan stream. Another power setting, termed reduced zone 5, was obtained by
uniformly reducing the fuel flow to all five zones with the IPCS while at the maximum
zone 5 power setting. This produced a uniform but lower distribution of fuel in
the afterburner.

During the ground tests, the engine was operated at its maximum rated nozzle
pressure ratio, which produced an exhaust exit Mach number of approximately 1.0.
During the flyover tests, operation of the engine at maximum rated NPR resulted
in an exhaust exit Mach number of approximately 1.12 because of the ram recovery
of the inlet. In order to provide a comparison with the ground test data, the IPCS
was used to downtrim the engine for some of the flyover noise tests to match the
ground test NPR. This caused the exhaust Mach number to be reduced to
approximately 1.0.

Thrust Measurements

In two of the static noise tests, noise and thrust measurements were made
simultaneously to compare the noise produced by nonuniform thrust profiles with
the noise produced by uniform thrust profiles.

Another reason for making the thrust measurements was to compare the
measurements with the thrust calculations made by the IPCS computer. Agree-
ment was excellent, with the calculated thrust falling within the error of the thrust
stand measurement (ref. 5).
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Exhaust Velocity Survey

The exhaust velocity survey was conducted to determine exhaust velocity and
temperature profiles for the tested range of power settings. The traversing rake
was set so that the upper Ir/Ir-Rh thermocouple would pass through the center
of the exhaust as horizontal traverses were made. The total pressure probe was
2.5 centimeters (1 inch) below this temperature probe. During the first tests,
lag data and radiation correction data were obtained at selected power conditions.
After these data were acquired, single traverses were made through the center of
the exhaust for all power settings to acquire basic temperature and velocity data.
Finally, a survey 15 centimeters (6 inches) above the exhaust centerline was made
and a vertical survey near the edge of the jet was made to determine the velocity
gradients for the maximum zone 4 (nonuniform profile) power setting. Table 2
shows the engine parameters for the exhaust survey.

Static Noise Survey

In total, four static noise tests were conducted. During each test, the noise
was measured for a range of power settings. During three of these tests, the noise
was measured first with an array of microphones on a line approximately 10 meters
(33 feet) from the exhaust axis. Later, the microphones were moved to a line
approximately 33 meters (110 feet) from the exhaust axis. Because of temperature
differences, and hence changes in engine conditions, the 10-meter and 33-meter
sideline data could not be compared directly. In the fourth static noise test,
simultaneous measurements were made at the 10-meter (33-foot) and 33-meter
(110-foot) sidelines (fig. 9). Engine performance data for the fourth static test
are presented in table 3. The noise caused by power settings that produced
uniform exhaust velocity profiles were compared with the noise caused by power
settings of equal thrust that produced nonuniform exhaust velocity profiles.

During all of the static noise tests, winds were less than 3 meters per second
(10 feet per second). During the fourth test, winds were calm, and relative
humidity was 30 percent.

Flyover Noise Survey

A flyover noise survey was conducted to determine the effects of forward
velocity on noise and to obtain data for comparison with the static noise data.
Table 4 summarizes the flyover test conditions and engine performance data.

The flyovers were made at altitudes between 152 meters (500 feet) and 168 meters
(550 feet) . The target Mach number over the microphone array was 0.40 (approx-
imately 130 meters per second (426 feet per second)). The right engine was kept
at idle power during the flyovers and did not contribute any significant noise.
(Previous flyovers were made by an F~111 airplane in the clean configuration
(landing gear and flaps retracted) with both engines at the idle power setting,
and the combined engine and airframe noise had OASPL values at least 10 decibels
below the lowest measured noise levels reported herein.)

During the flyovers at the afterburning power settings, thrust was sufficient
to cause the airplane to accelerate significantly. For these cases, the flyovers
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were initiated below the target airspeed, and an attempt was made to pass over the
microphone array at the target airspeed. The actual variation in speed, shown

in table 4, was from Mach 0.40 (133 meters per second (437 feet per second)) to

Mach 0.44 (147 meters per second (482 feet per second)). During the flyover between
0 = 20° and 160°, which took about 7 seconds, the maximum speed change was

9 meters per second (30 feet per second), which is not believed to have affected

the data significantly.

The flyovers were conducted in the morning, while temperatures gradually
increased from 283 K (509° R) to 289 K (521° R). Relative humidity decreased
from 47 percent to 28 percent during the tests. Winds ranged from calm to 1 meter
per second (3 feet per second) for all the tests. Tests 12 to 15 were flown at the
full rated nozzle pressure ratio while tests 16 to 26 were flown with the NPR down-
trimmed to match static conditions. Tests 22 to 26 were repetitions of tests 16 to 20.

RESULTS AND DISCUSSION

Exhaust Velocity Survey

Results of the exhaust velocity survey are presented in figure 13 in terms of
total pressure, total temperature, and velocity as a function of distance left and
right from the exhaust center as seen in cross section.

Total pressure profiles. - The total pressure profiles determined from horizon-
tal traverses of the various exhaust streams are shown in figure 13(a). The military
power profile is uniform in the center of the exhaust and falls off gradually at the
edges, where blow-in-door air mixes with it. For the afterburning power settings,
the exhaust radius increases because the nozzle area is larger. The total pressure
in the center of the exhaust is higher for the maximum zone 4 and adjusted zone 4
conditions because of the afterburner reset; however, when zone 5 is burning,
the pressure loss due to afterburning heat addition results in a lower total pressure.
For the maximum zone 5 power setting, the primary nozzle is fully open.

Total temperature profiles. - The total temperature profiles are shown in
figure 13(b). The profile for military power is well rounded as a result of mixing
between the hot core stream and the cool fan stream in the afterburner and nozzle.
The temperature in the center of the exhaust is somewhat lower than the core dis-
charge temperature of 878 K (1580° R) (table 2). For the afterburning power
settings, large temperature gradients occur. The maximum zone 5 temperature
profile peaks at 2200 K (3960° R) and exhibits a dip in the center of 300 K (450° R).
The reduced zone 5 temperature profile also dips near the center of the exhaust.
The maximum zone 4 profile exhibits temperatures of 2000 K (3600° R) at the edge of
the jet and 1000 K (1800° R) in the center. The adjusted zone 4 profile is similar,
with a center temperature of 920 K (1660° R), which is almost equal to the core
discharge temperature (table 2).

Velocity profiles. - The velocity profiles are shown in figure 13(c). The
military power peak velocity is about 530 meters per second (1740 feet per second).
The maximum zone 5 peak velocity is 850 meters per second (2790 feet per second),
while the reduced zone 5 peak velocity is 800 meters per second (2625 feet per second).
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These values are slightly higher than the average ideal velocities that were calcu-
lated from the engine-measured parameters in table 2, primarily because the
calculation assumed a uniform pressure and temperature profile. For the maximum
zone 4 power setting, the peak velocity is 820 meters per second (2690 feet per
second), while the velocity at the center is 610 meters per second (2000 feet per
second). For the adjusted zone 4 conditions, the peak velocity is 800 meters per
second (2625 feet per second) and the center velocity is 590 meters per second

(1935 feet per second). No ideal velocity was calculated for these nonuniform profiles.

In general, the exhaust profiles were symmetrical, except that the temperatures
on the inboard side were somewhat lower than on the outboard edge during after-
burning. The thrust of the exhaust was calculated by integrating the measured
temperatures, pressures, and velocity data and was in reasonably good agreement
with the thrust calculated by the IPCS computer for all power settings.

Static Noise Survey

The static noise data obtained during the fourth test, in which simultaneous
measurements were made at the 10-meter (33-foot) and 33-meter (110-foot) sidelines,
are presented in tables 5 and 6, respectively. Engine performance data for these
tests are given in table 3.

Ten-meter (33-foot) sideline noise. - A summary of the OASPL data at the
10-meter (33-foot) sideline is shown in figure 14, along with a set of data from one
of the earlier static noise tests, in which a larger number of microphones were

used on the 10-meter (33-foot) sideline.

The two sets of data agree reasonably well, with differences of approximately
1 decibel. For military power (fig. 14(a)), the peak OASPL occurs at 6 = 143°,
and for the afterburning power settings (figs. 14(b) to 14(e)), the peak OASPL
occurs at 8 = 140°, based on the more extensive data from the earlier test.

Thirty-three-meter (110-foot) sideline noise. - The static noise data from the
33-meter (110-foot) sideline microphones are presented in figure 15. These data
were obtained at the same time as the 10-meter (33-foot) sideline data presented
in figure 14. The peak OASPL occurs at 6 = 140° at military power and at approx-
imately 130° at the afterburning power settings.

The measured noise was compared with predictions obtained by using the
method described in reference 3. Reference 3 provides a method for the calculation
of internal noise (also called core noise), which is produced by the combustion
process and flow inside the engine. Internal noise is a function of the main burner
mass flow, pressure, and temperature increase. The empirical equation in
reference 3 incorporates a constant, KI’ which was assumed to be 52 for nonafter-

burning and afterburning conditions. Reference 10 gives a good description of
the mechanism of internal noise generation.

Reference 3 also provides a method for the calculation of jet mixing noise, which
is a function of exhaust velocity , temperature, density, and exhaust area. The jet
mixing noise and internal noise are logarithmically added to provide a prediction
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of the total exhaust noise. The comparison is shown in figure 16. Data for the
military power setting are shown in figure 16 (a). The predicted jet mixing noise
is, as expected, substantially higher than the predicted internal noise. The
predicted total noise agrees well with the total measured noise. The predicted
peak OASPL is about 1 decibel less than measured, but it occurs at nearly the
same angle.

For maximum afterburning conditions (fig. 16 (b)), the predicted total noise
agrees well with the measured total noise for angles less than 140°. For angles
greater than 140°, the predicted level is well above that measured. This discrepancy
was probably caused by the lack of very high temperature-low density exhaust
data during the development of the prediction method.

The predicted and measured noise for the reduced zone 5 (test 8) and maximum
zone 4 power settings are compared in figure 16(c). The thrust during the tests
was equal, even though the velocity profiles were different, so both tests can be
compared with the same prediction. The reduced zone 5 power setting data are
similar to the maximum zone 5 data in figure 16 (b). The maximum zone 4 power
setting data are 1 decibel to 2 decibels below the equal thrust reduced zone 5 data,
probably because of the inverted velocity profile of the maximum zone 4 power
setting, as discussed in reference 4.

Adjusted zone 4 power setting noise data are compared with data for an equal
thrust reduced zone 5 power setting in figure 16 (d). The results are similar to
those in figure 16 (¢), with the nonuniform inverted profile jet 1 decibel to 2 decibels
quieter than the uniform jet.

Static noise spectra at the 33-meter (110-foot) sideline. - One-third octave
band sound spectra from the 33-meter (110-foot) sideline microphones are shown
in figure 17 for military power and in figure 18 for maximum afterburning power.
Also shown are predicted spectra from reference 11. In general, the data agree
reasonably well with the predictions. Some deviations from a smooth spectrum
shape are apparent for military power at 8 = 140° and 150° (figs. 17(e) and 17(f))
and for maximum afterburning power at 6 = 120°, 130°, and 140° (figs. 18(c), 18(d),
and 18(e)). These deviations were also observed in the 10-meter (33-foot) side-
line noise data, and may be caused by reflections off the afterbody fairing between
the engines (fig. 5).

Sound spectra from the 33-meter (110-foot) sideline for the maximum zone 4
and the equal thrust reduced zone 5 (test 8) power settings are shown in figure 19.
Data are shown for 6 = 40°, 90°, 120°, 125°, 130°, and 140°, where the OASPL
data (fig. 16(c)) showed that there were differences between the two sets of
data. The maximum zone 4 spectra are generally 2 decibels to 3 decibels lower
than the reduced zone 5 spectra in the 100-hertz to 1000-hertz range for 6 from
120° to 130°. The maximum zone 4 data exhibit a peak at 80 hertz.

This peak was found for all 6 = 120° data where zone 4 fuel flow was at its

maximum value; see the 10-meter (33-foot) sideline data (tables 5(b), 5(d), and
5(e)) and the 33-meter (110-foot) sideline data (table 6(e)). The 80-hertz tone was
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found to originate inside the nozzle, and is believed to be the result of a stable
combustion oscillation in the afterburner. The 80-hertz tone does not occur in the
reduced zone 5 power setting data, in which the zone 4 fuel flow is less than maximum.

At © = 140° (fig. 19(f)), there is essentially no difference between the maximum
zone 4 and reduced zone 5 power setting data at low frequencies, but the zone 4
data are lower at high frequencies.

Noise source locations. - The noise data from the two sideline microphone
arrays were used to find the locations of the predominant sources of the various
noise frequencies, as discussed in the Data Reduction and Analysis section.

The results are shown in figure 20 for military power and three afterburning power
settings. Also shown are data from reference 9 for a hot jet model with an exit
diameter of 15.24 centimeters (6 inches). The data show, as expected, that the
high frequencies are generated near the nozzle exit, while the low frequencies
originate much farther (approximately 10 nozzle diameters) downstream. The TF30
data show the same trends as the hot jet data, but there are also some significant
differences. The military power noise sources appear to be approximately twice

as far downstream as for the model jet and afterburning data. This may be because,
in the military power case, the velocity gradient through the exhaust is much less
severe than in the afterburning case (see the velocity profiles, fig. 13(c)); the mixing
is therefore slower. There is also considerable spread in the results at fD/V

values above 1.0. The reasons for these differences are not known, but they may
be related to the geometry of the blow-in-door ejector nozzle, differences between
the velocity profiles of the various power settings, or deficiencies in the source
location technique.

Flyover Noise Survey

The flyover noise data acquired are presented in table 7. Engine and airplane
information for the flyover tests is included in table 4. The engine was operated
at rated NPR for tests 12 to 15, which resulted in flow at the exit that was supersonic,
with Mach numbers of 1.12 to 1.15. The rest of the flyovers were flown with the
engine downtrimmed to match static conditions, and the exit flow Mach number
was sonic, at a Mach number of approximately 1.0.

Nonafterburning results. - The measured flyover noise for a test at military
power (test 12) is shown in figure 21. The noise level increases rapidly for 6 = 20°
to 40°, remains approximately constant to 6 = 90°, increases to a peak at 6 = 140°, and
then falls off rapidly. Also shown are the predicted jet mixing and internal noise
from reference 3 and the predicted shock noise from reference 12. The shock noise
is dominant for 0 less than 50°. The jet mixing noise is reduced by the effects of
relative velocity and does not become dominant until © = 105°. The internal noise is
increased in the forward quadrant by the effects of convective amplification, and is
dominant for © = 50° to 105°. The measured data agree very well with the sum of the
three predicted noise sources.

Measured sound spectra at 6 = 40°, 90°, and 130° are shown in figure 22. The
predicted shock noise spectra from references 12 and 13 are also shown. For 6 = 40°,
a spectral peak occurs at 800 hertz, which agrees well with the predicted shock
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noise spectrum. The shock noise peak was evident for 6 = 20° to 70°, and its
appearance in the measured sound spectra in the forward quadrant is consistent
with the results in reference 9. The measured spectrum at 6 = 90° does not show a
shock noise peak, but is flat and may be affected by shock noise. The 130° spectrum
appears to be a pure jet mixing spectrum, and it compares favorably with the shape
of the static noise spectrum (fig. 17(d)).

Data for the two military power flyovers with the NPR reduced to match the
static conditions (tests 16 and 22) are shown in figure 23. Agreement between the
two flyovers is very good, with differences of less than 1 decibel. Data from test 16
are slightly above the data from test 22, which is consistent with the slightly higher
exhaust velocity for test 16.

Agreement with the total noise predicted by reference 3 is excellent. The pre-
dicted internal noise is higher than the predicted jet mixing noise; the predictions
appear to be borne out by the excellent agreement of the flyover data. No shock noise
is expected, since the exhaust is not supersonic. It is extremely unlikely that this
close agreement could result from incorrect but compensating predictions of jet
mixing and internal noise, particularly since the jet mixing noise prediction is
well understood for nonafterburning exhausts.

Measured sound spectra for the military power sonic exhaust data (tests 16
and 22) are shown in figure 24 for 6 = 40°, 90°, and 130°. The agreement between
the spectra for the two flyovers is good. The spectra in figure 22 for the military
power supersonic exhaust are repeated for comparison. The differences between the
two conditions at © = 40° are due to shock noise. The close agreement at frequencies
below 500 hertz is probably because of the similar internal noise for the flyovers.
At © = 90° and 6 = 130°, the supersonic exhaust spectra are higher at all frequencies
than the two sonic exhaust spectra because of the increased internal noise and the
contribution of jet mixing noise.

For all the military power flyovers, both supersonic and sonic, internal noise is
a major contributor to the flyover noise, and it is accurately predicted by the
reference 3 method. However, the TF30 engine operating in the military power
(nonafterburning) mode may not be typical of other nonafterburning turbojet or
turbofan engines because of the presence of afterburner spraybars, flameholders,
the afterburner liner, and the variable-geometry exhaust nozzle in the flow path.

Afterburning results. - Results of the afterburning power setting flyovers are
shown in figure 25 for supersonic exhaust conditions and in figure 26 for sonic
exhaust conditions. For the supersonic exhaust conditions, the predictions in
reference 3 were used for internal and jet mixing noise, and the prediction in
reference 12 was used for shock noise. The shock noise is dominant for 0 less
than 60°; the measured noise is above the predicted noise for 6 = 40° to 130° and
below the prediction for 6 greater than 140°. The prediction exhibits a deficiency
at values of 6 greater than 140°, as it did for afterburning static noise.

Results are very similar for the sonic exhaust afterburning results in figure 26.
The predicted jet mixing noise peak agrees with the measured peak, but it occurs
at a farther aft angle.
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In the forward quadrant and for © up to 120°, the data indicate a large
contribution of internal noise. However, the internal noise prediction of reference 3
makes no attempt to account for the afterburning process, and therefore would not
be expected to predict the correct value of internal noise.

The sound spectrum for a test with supersonic exhaust (test 15) is compared
to spectra for tests with sonic exhausts (tests 19 and 25) in figure 27. A shock noise
peak is evident at 6 = 40° for the supersonic exhaust (fig. 27(a)), as it was for the
nonafterburning supersonic exhaust (fig. 24(a)). At 6 = 130°, the spectrum for the
supersonic exhaust (test 15) agrees well with the Doppler-shifted predicted jet
mixing spectrum from reference 11.

Inferred afterburning internal noise. - The data in figures 25 and 26 were
used to infer the internal noise of the afterburning flyovers. The sonic exhaust data
in figure 26 should be free of shock noise, and, therefore, the difference between
the measured noise and the predicted jet mixing noise in the forward quadrant is
assumed to be internal noise. The resulting internal noise is shown in figure 28(a)
for five flyovers. The prediction from reference 3 is also shown. The afterburning
internal noise appears to be 4 decibels above the prediction at © = 40° and 8 decibels
above the prediction at 8 = 90°. To arrive at the inferred internal noise for the
supersonic exhaust (fig. 28(b)), the predicted shock noise and jet mixing noise
were subtracted from the measured supersonic exhaust data in figure 25. Again,
the inferred internal noise is higher than the prediction, by 3 decibels at 6 = 40°
and by 6 decibels at 6 = 90°,

If the inferred internal noise is, as is indicated here, due to the afterburning
combustion process and the associated flow phenomena, internal noise should be
considered in future engine designs that incorporate afterburning or duct burning.
It may be particularly important to consider internal noise if jet mixing noise is to
be reduced by the use of the coannular exhaust nozzle configuration or a mechanical
noise suppressor. In the case of the TF30 engine, this internal noise is not evident
during static tests (fig. 16), and only becomes apparent with forward velocity.

Nonuniform exhaust velocity profile noise. - Noise from the maximum zone 4 and
adjusted zone 4 power settings that produced inverted exhaust velocity profiles
was measured in the flyover noise survey and compared with the noise produced by
uniform exhaust velocity profile reduced zone 5 flyovers. The calculated thrust for
tests 24 and 25 was almost identical; however, the airplane velocities differed by
9 meters per second (31 feet per second). Therefore, the jet mixing noise
prediction method in reference 3 was used to correct the data for test 25 for values
of & where jet mixing noise was dominant (greater then 100°) to the same flyover
velocity as for test 24. The results are shown in figure 29(a). The noise level with
the inverted exhaust velocity profile is approximately 1 decibel quieter than with the
equal thrust uniform exhaust velocity profile at values of 8 where jet mixing noise
should be dominant.

A similar comparison is shown in figure 29 (b) for adjusted zone 4 and equal
thrust reduced zone 5 tests. In this case, no velocity corrections were necessary.
Again, at values of 8 greater than 110°, the noise level with the inverted exhaust
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velocity profiles is lower than with the uniform exhaust velocity profile by approxi-
mately 1 decibel. The noise level in test 26 is lower than in test 20, because of the
slightly higher ambient temperature.

Figure 29(c) shows the same type of comparison, except that the exhaust was
supersonic. Again, at the peak OASPL levels, the noise level with the inverted
exhaust velocity profile is slightly lower than with the uniform exhaust velocity
profile.

The forward quadrant noise levels in figure 29 show no consistent difference
between the uniform and inverted exhaust velocity profiles, because internal noise
is dominant.

Differences between the uniform and inverted exhaust velocity profile sound
spectra are shown in figure 30 for 8 = 130°. The differences tend to be spread
across the frequency band for the three comparisons.

CONCLUSIONS

Flyover and static (ground) noise measurements were made on a TF30 after-
burning turbofan engine in an F-111 airplane. A survey was also conducted to
measure the exhaust temperature and velocity profiles for a range of power settings.
Comparisons were made between predicted and measured shock noise, internal
noise, and jet mixing noise. The following conclusions were drawn:

1. The noise produced at static conditions was dominated by jet mixing noise,
and was adequately predicted.

2. The noise produced during flyovers exhibited large contributions from
internally generated noise in the forward arc. For flyovers with the engine at
nonafterburning power, the jet mixing noise, shock noise, and internal noise were
accurately predicted. During afterburning flyovers, however, additional internal
noise believed to be due to the afterburning process was evident; its level was as
much as 8 decibels above the nonafterburning internal noise. No prediction is
available for afterburning internal noise.

3. Power settings that produced exhausts with inverted velocity profiles
appeared to be slightly less noisy than power settings of equal thrust that produced
uniform exhaust velocity profiles both in flight and in static testing.

4. Designs of future afterburning or duct-burning engines should take into con-
sideration the effects of internal noise, which may not be evident from static testing.

Dryden Flight Research Center
National Aeronautics and Space Administration
Edwards, Calif., May 12, 1978
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APPENDIX—SOURCE LOCATION CORRECTIONS

A correction had to be made to the static and flyover jet mixing noise predic-
tions because the sideline and flyover noise measurements were made with the
jet angle, 6, defined with respect to the nozzle exit plane. In reality, however,
the source of jet mixing noise was downstream of the nozzle exit plane. The angles

and terms used for the correction were defined as shown below:

Predominant
noise source

SLD

L Microphone

The angular correction to the data is as follows:
0-0"=0-tan ! ————1—————>
._.__l_.__. + __}.(_...
tan © SLD

The correction to OASPL was made as follows:

AOASPL = 20 log @—): 20 log <Ssllrr‘1%>

Figure 31 shows the resulting corrections to the jet mixing noise predictions for
a source distance, x, of 9.1 meters (30 feet) for 33-meter (110-foot) sideline and

152-meter (500-foot) flyovers.
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TABLE 1.—TEST POWER SETTINGS AND TABLE AND FIGURE NUMBERS FOR TEST DATA

(a) Exhaust velocity survey

22

Table number for .
Test Power engine performance Figure number
number setting data for data
1 Military 2 13
2 Maximum zone 4
3 Reduced zone §
4 Adjusted zone 4
5 Maximum zone 5
(b) Static noise survey
Table number Sideline distance, m (ft)
Test Power for engine 10 (33) L 33 (110) 10 (33) 33 (110)
number setting perfgl;;r;ance Table numbers for noise Figure numbers for
data data |
6 Military 3 5 6 14 15, 16, 17
7 Maximum zone 4 15, 16, 19
8 Reduced zone 5 15, 16, 19
9 Maximum zone 5 15, 16, 18
10 Adjusted zone 4 v 15, 16
11 Reduced zone 5 16
(¢) Flyover noise survey
Test Power Table number for Table number Figure
number settin engine performance for noise numbers
g data data for data
12 Military 4 7 21, 22
13 Maximum zone 5 25(a)
14 Maximum zone 4 29(c), 30(e)
15 Reduced zone 5 25(b), 29¢c), 30(c)
16 Snfilitary 23, 24
17 8Maximum zone 5 26 (a)
18 qMaximum zoned | [ | e
19 %Reduced zone 5 26(b), 27
20 Badjusted zone 4 29(b), 30(b)
21 #Reduced zone 5 26(c), 30(b)
22 aMilitary 23, 24
23 &Maximum zone 5 26 (a)
24 aMaximum zone 4 29(a), 30(a)
25 #Reduced zone 5 26(b), 27, 29(a), 30(a)
26 &Adjusted zone 4 Y \] 29(b)
- - - S—

aEng‘ine downtrimmed to match flyover NPR to static NPR.




(06L2) 0S8 (5¢L2) ££8 (€07 L) €59°0 0gn-1 (0°612) ¥°66 (61°¢) 099°0 (z°62) vL1 (00L8) 0002 A1 4
S e (£9°5) €250 02071 (67 912) §°16 (08°5) 6£5°0 (L792) ¥81 WLIOJIUNUON 62°1 i
(5292) 008 (£552) 8LL (£0°9) 09570 chn° 1 (2°912) 1°86 (61°9) §45°0 (0°92) 6L1 (001€) 2Ll 82°1 £
......... (10°9) 8S5°0 $90° 1 (£°912) 1°86 (L1°9) £25°0 (5°92) £81 WJIoJTunuoN 82°1 14
(0pL1) 088 (9121) €26 6y°8) p28°0 €0°1 (0°60%) 896 (08°¢) £SE°0 (1°92) 081 €00%1) 8L 181 1
(995/13) 098 /W (09s/3)) 08S/W W ,w (99s/q) d9s/8y Ly u ut/qn L w/Ny (Ho) 3
1o 1 et iy L gre ¢ 8 P A
‘owea woay 8 N 8y . mz dy b It Jaquinu
| d 189,
SUOnIPUOD sneyxa papuedxs Ay sdajpuwered syzzou Arewrad
(0v°S) §%'¢ (669) 88¢ (101) 8°¢¥ (sv° %) 20°2 (EP91) €16 (1°83) 86T [
(18°6) vv°2 (869) 88¢ (zo1) 9% (££°0) ST°0 (8£97) 016 (0°62) 002 b
(687¢) GL°1 (869) 88¢ (101) 8°¢p (91°¢) p°1 (0P91) 116 (6°83) 661 £
by'6) Lb°C (669) B88¢ ZO1Y € 9% (89°1) 29.°0 (0F91) 116 (6°82) 661 z
0 (€0L) 06¢ (01> 27 2% ® 0 (08S1) 8.8 (8°9%) S8BT 1
(03s/q) 09s/3y (do) ¥ L (o9s/ap 29s/8M | (oas/qp) oos/By (o) M Gu/an NE\Zx
uh Vo 1 bl b
<y P ] . fs ” i w. Jsqunu
” . ” L : 189,
sasjoweaed auoz j1onp ue] JPUINQISIRY sdojowraed auoz 8100 JPUINGILDY
—
(0p$2) 11v1 (21°2) 68670 (zz7) 1861 (0TET1) 8ZL (90T) T°8% @) 0 (£0€) 642 ¢
(0852) SOPT (91°2) 186°0 (122) €26l (80€1) Lzl (501) 9° b [(ONI] (208) 642 |4
(5£52) 80¥1 (L1°2) 58670 (022) L1651 (L0ET) 92L (901) 1°8% 0 (209) 6.2 €
O¥52) 1101 (L1°2) 5860 (072) 2161 (cpg1) §7L (501) 9°L¥ (® 0 (£08) 6.7 z
(LLb2) 9281 (30°3) 916°0 (012) 8vb1 (6821) 914 (€01) L9 (0 0 (905) 182 T
(Ho) M (09s/qq) 098/ (ur/an  u/Ny (o) X (098 /q1) 29s/8%
.fe .E;, £g ” .fe ) (935/1y) oasju (Ho) ¥ Jequinu
, , | .o> RQEN,H 1891,
sasjeweded JoISNQWOD UTeN m

[Gui/ar 0g° 1) /Ny 176 = 'd)
XTAMNS ALIDOTIA LSIVHXE HOd VLVA 2INVIWHOINAE ANIONI— "2 T1GVL,

23



(SLE2) vTL (50€2) zul (5L°6) $ES O 66°0 (b°112) 6°66 (g6°6) 165°0 (L'v2) 01 (0082) 6SST 621 17
llllllllll WaojtunuoN (LL°6) 98670 001 (' 112) 6°S6 (G6°G) £55°0 (0°62) 2L1 WJIojIUnuUoN 62°1 01
(£292) 008 (8952) £8L (L679) L¥9°0 096°0 {2°912) 0°86 (g0 2) 6590 (5°€2) 291 (00LE) $50% L't 6
(0842 962 01v2) sgL (50°9) 29570 6860 (0°602) 8'F6 (12'9) LLS°0 (€'v2) 891 (00T€) 22L1 821 8
.......... waorunuoN (80°9) 5950 56670 (5°802) 9°76 (b2°9) 085°0 (9°v2) 691 ULIOFLUNUON 821 L
(S291) S6b (L6ST) L8P 6v'¢) ¥Z€'0 00"t (2°20%) L'16 (08" €) £5¢8°¢0 (£°82) pL1 (D0E1) 221 [ 291 9
(938/1)) d3s/w (03s/Yy) 29s/w 1y u (09s/qr) 095/3y W ,u cur/qn | w/Ny (do) M
N i ¢ e ¢ Ly Ly ¢ e ¢ . ¢ N A Jequinu
« . . ‘ oL .
A A v F M v g A 1saL
suonIpuod Jsneyxa papuedxs A[ng saojpweded syzzou AJeulrag
—
(L2°%) 8%°1 (LZL) $0% (0°€0T) 1'9p (29°¢) 2¥9°1 (0991) 226 (9°L2) 061 11
(68°'6) 26°¢ (L21) p0% (6°€01) 1'Lp Z8°0) SP1°0 (0991) 226 (6°L2) Z61 01
@Zr's) 9b'2 (122) vOb (9°101) 1°9% (02" %) 906°1 (0991) 226 (8728 261 6
(65°€) €9°1 (22L) $0¥ (0°101) 8°S¥ (88°2) L0€°1 (0991) 226 (g°L2) 081 8
(L2°%) 6272 (LeL) voy (1°101) 6°G¥ (L8S 1) 07470 (0991) 226 (8°12) 261 L
o (52L) €0V (0°801) 972 0 (0191 v68 (#°92) 281 9
(o0s/qQ) 29s/3Y (do) M (09s/qp) o9s/38y (005 /qp) 0888y (o) N ANE\QC NE\Zx
.nu .Ua ou 9 Jaqunu
M M T ) J 1so1
sJIajpwesed auoz 1oNp uej JAUINQISY saajoweaed 8UOZ 240D JBUINQIDPY
. - | . .
(09%2) TTv1 (€0°2) 126°0 (z202) z6E1 (0Z2€1) ¢eL (566> 1°SF 0 o (1£6) S62 I3t
(09$2) 2Tl (860°2) v€6°0 (£0%) 00FI (0Z€1) €€L (5'66) 1°S¥ o (189) S62 01
(09S2) 2wt (650°2) p€6°0 (802> 00¥%1 (NZE1) €8L 0 001) ¥ Sb o (1€9) S62 G
€09%2) ZThT (€0°2) 126°0 (£02) 00bY (DZe1) geL (5'86) 1°6¥ o (169) 662 8
(0952) 2Th1 ($S0°2) 2€6°0 (20%) z6¢t1 (0gET) £€L (€ 66) 1°SP ) o (1£6) 62 L
(0252) 00b1 (sg6°1) 8L8°0 (661) 2ZLEIT (01€7) 82L (£°66) ¢'¢€F 0 0 (1¢5) S62 9
(do) M (99s/qp) oos/3y (u/an 72/t (do) ¥ (09s/qq) 298/3y
¥ w € 9
. u,r . &s &g . uh By (08s/3)) dos/w (o) ¥ Jequinuy
.o> .ﬁEw,H 1891,
stojpwedsd J0)SNQUOD UIBH

fured ipuim fjusdaad gz Arpruny HW/AT0G ET) ,W/NM 1786 = 04
XAAUNS ISION DILVLS YOd VIV IONVINIOJYId ANIONT—"¢ FTdVL

24



B (R - (20°9) 65¢°0 00° T (1°572) 1°201 (b1°9) 0L5°0 (5" v7) 67891 w.rogtunuon 0E° T 92
(L6£2) 0FL (26€2) 0€L (09°9) £19°0 86°0 (8°922) 6201 (29°9) 023970 (z°28) 67991 €001€) zzLl $82°1 4
O, Ceemenenn (09°9) €190 86°0 {(£°622) 2 201 (19'9) 02970 0°¥2) 591 ULIOJIUNUON S8z’ 1 ve
(£252) 692 (£252) 692 (90°2) 959°0 96°0 (6°622) §°201 (01°L) 0990 (z°€2) 07091 (009¢€) 0002 121 €
(0LST) 8Lp (z2pST) 0% (€5'€) 82870 00° 1 (5°912) 2°86 (8L°€) 15E°0 (6°v2) L' 121 (0021) L99 8¢ 1 &4
(0s£2) 962 (ogez) 912 (20°'9) 68570 16°1 (97223 £°€01 (P1°9) 02570 (6°%2) L' TLT (0082) 5551 01 ¢4
e R (z0°9) 65670 20°1 (€£°222) 1°£01 (¥1°9) 04570 (1°62) 17641 waojIunuoN 0g'1 02
(9¥¥2) ShL (9vv2) Sh 09°9) £19°0 001 (8°822) 8°€01 (19°9) 029°0 (£752) 57191 (001¢8) 3zL1 $87°1 61
PR ———— .- €09°9) €190 66°0 (v°922) L°201 (19°9) 029°0 (2°v2) 67991 waojtunuoN 68271 81
(£262) 692 (£252) 692 (90°L) 959°0 96°0 (6°922) 0°€0T (01°2) 099°0 (r°€2) €£7191 (009¢) 0002 171 At
(88S1) b8¥ (09ST) ¥ (25°€) 22870 10°1 | (s°812) 2°66 (LL°E) 0SE"0 (°62) 1°6L1 €0021) 199 8e’ v a1
(v882) 6.8 (z182) 158 (®1°9) 01570 SUT (v voent (¥2°9) 085°0 (£°62) 07208 0018) z2L1 s8z° 1 3]
e s ———— (b1°9) 04670 [288 ¢ ©{9Lbe) £211 ($2°9) 085°0 (0°62) 0°002 w.IojiunuoN g8zt 148
(9662) €16 (162) 968 (90°L) 959°0 [AN81 (8°162) 2'¥11 (01°L) 099°0 (0°82) 1°€61 (0028) 0002 121 €1
(2681) 8LS (6981) 0.8 (19°¢) S8£°0 e (z2°6£2) 5801 (8L°€) T5E°0 (8°82) 97861 (00bT) BLL 8¢ ( 21
(238/15) d9s/w (0as/y) oessw [ IR (03s/qq) 29s/3y [T Cut/gn w/Ny (¥o) ¥
(AN 4 L F A 4 b 4
pic) mm 8 W , lg L , 4 A Jaquinu
' A “CA v M ‘v | T CL EEENS
SuonIpuocd 1snByxa papusdxs A(ng sadjpweasd a[zzou AJeumld
(Z1°9) 8L°2 (811) 66¢ 1D 268 (9£°0) 9170 (0SPT) 908 (9°12) £°061 92
8y 12°2 (81L) 66¢ 1D z¢ (52°€) Lb°1 (esb1) L08 (8°42) L 161 14
(80°9) 9L°7 (L1L) 86¢ (1D 18 (65°1) 2L°0 (£5HT) L08 (5°12) 97681 vZ
(91°9) 6L°2 (L1L) 86¢ (510) 26 (s1°8) ¢p'1 (L5¥1) 608 (9°12) €061 €2
PR - (31L) 86¢ Qg | e (z8E1) 89L (¢°92) £°621 144
O1°%) 98°1 (91L) 868 (911) ¢ (18°2) L2°1 (Lsv1) 608 €0°88) 1°E61 e
(52'9) £8°2 (STL) L6E Qi g (9e°0) 91°0 (F9p1) €18 (2'82) b'b61 0z
06"y 2277 (S1L) 16 QI €5 w2 e) Lp'1 (LSb1) 608 (2°82) b b6l 61
(51°9) 64°2 (H1L) L6E (611) 28 09°1) zL°0 (09v1) 118 (6°22) v°261 81
(81°9) 08°2 (e1L) 96¢ 611) 28 I (@1 e) 1wt (eSP1) L08 (8°22) L1671 L1
PR - (212) 968 QI gg 0 meemmeeeees (06E1) ZLL (¢°92) L'281 91
(98'%) 02°2 (9zL) cov ! (811) v¢ (87°¢) 86°1 (0p91) 116 (£°£8) 9622 St
(62°9) 68°2 (922) £0% (811) #5 (16°1) 18°0 . (opoD) 116 0°€8) 51423 bl
(£8°9) 18°C (522) £0F (811) #¢ (60°6) 1872 (£p31) €16 (0°€e) <122 £r
[ (pZL) 20b (gl g mmmeereeeee (69¢1) 698 (z°08) 2°802 [
(oas/qry oas/8y (o) ¥ (oas/qr) dss/3y (0as/qr) oas/3y (o) ¥ ANE\EV NE\Zx
P vw P, ' 2 % asqunu
Sy Ay By g C Ty 180,
s19jowesed auoz Jonp UL} JAUINAIIY ! sIojowieted SUOZ 210D IBUINQIBYY
(0¥22) vbet (¥9°1) ¥L°0 (961) T1SET (8221) 289 (€01) Ly (659) ObT (125) 682 92
(¥e22) 1 9D pL°0 (161) 8sel (9z21) 189 (£01) Lp (bLb) bb1 (028) 682 14
(zvee) sval (99°1) 170 (S6T) ¥¥ET (9221) 189 (e01) Lp (ebp) SET (028) 682 [ 44
(1922) Svel (@91 pL'0 (961) 1881 (9221) 189 (00T} St (£59) 8¢l (0z8) 682 £2
(s972) g0zt (6s°1) 8970 (881) 9621 (0121) 2L3 (86) o (zpp) get (028) 682 2
(L522) vse1 (89°1) 9L°0 (002) 6LE1 (1621) v89 (€01) ¥ (99%) Zb1 (61S) 882 17
(£922) L1821 (69°1) LL°O (102) 98¢T (££21) $89 (z01) 9p 0Lp) €pl (816) 88% 0z
(£922) LST1 L Lo (102) 98¢l (gez1) 589 (€01) ¥ (8LF) 99T (L18) 182 61
(9%22) 8YCT (69°1) £L°0 (661) ZLET (1221) 289 (Zo1) 9 (gpp) SET b(916) 182 81
(5p22) Lb2T (9°1) bL'0 (161} BSET (zze1) 6L9 (100 9 (56b) 6ET o (g18) ag7 AR
(0L12) sozt Bs"1) 0L°0 (£61) 18€1 (€121) #L9 o) st (9pp) 9E1 (p15) 982 91
(v162) 96€T (88°2) 80°T (6v2) L1LY (0€ET) 6EL (B11) 5 (28%) Lb1 (€15) ¢82 1
(¥282) 20T (e°g) 80°1 (1ye) eolr (oge1) 682 (611) S (89%) £p1 (019) £82 124
(oese) so¥1 (8e°2) 80°T (Lp2) goLr (oge) 6EL 0zn) ¥ (69%) €yl (019) £82 £l
(81¥2) LLET (L1°2) 86°0 (8£2) 1¥9T (Sze1) 8EL (s11) 28 (Lep) gel (60S) €82 21
(do) ¥ (0a8/qD) 0os/3y (Gu/an u/Ny (o) M (vas/qy) oas/By
.v_u. .E;, g 5 28 (295 /) das/u (¥o) M Jsquiny
1 M ) 0, , .auep wor |
sJajowsaed Jdoysnqiiod utep ' ]

[(D9s/3) ¢) Das/uwi [ 0) wed :purm ‘jusolad Ap o) g7 ANplung}
AFAYNS ISION HIAOATI HOA VIV FONVIWNHOIUTJ INIONT— ¢ IJTdVL

25



—
251 2'¢s1 1*¢ 6l b ISt 2B’ A2 INd grEnl YA N o'Tnl Htint 9Ll ANd
£%301 gl ctent 4°bf1l £°9¢1 1dS V0 w'3El Leet <*Tel ¢'oell 1221 IdS V0
b*b 01 g9t £'y1l 121l <*hit ueooT 1*%01 5*°sLl £t ybl AVAINt 5°G841 goout
1°271 £°4tl U*blt 1°6<ZtT VAR suose u*sul b*yul 48U G*501 L*out 0004
AKX RN 2'611 0°2¢t 1°£21 b*61l 008y (RPATS /601 7*111 2211 2011 00gY
L*a1l £°0<dt FARXAS "Rt L0ult 0004 w0} S0V b*11l $*21t 90711 uoos
6*LTT 0*cct b*4wetl 95t c*eéi 000% ¢ o0l 121l 5% 1y 1211 w*UTH 000%
60611 042t 1°9¢2% 2°9¢21 w0l 0aTe L°TRE 0411 1tatt g*£17 c' il VRS Y%
rtcdl 1921 u*eltl p°*821 S*421 00s2 ' 11 0°911 £ 377 w*h1t 1211 g0se
74921 g 821 RSt 82T ERTA¢ nooe 1*311 g* i1l CAPA ¥t o'all we1l oooe
z2%3¢l 0°*0ET [ ARt AR YA A TA! 0497 b*L 1l 9°*ult 9*'y1l 4*g71} RN 009t
2921 0°1etl Utctl ¢'bld G*4u21 0521 ¥'b17 s* 021 Y'p il L2911 eIl [T
[RE1EN 6*lel 9°*2¢tl 9*'621 AT A [tRiY iR (AR AN n*iel ¢uel 1*211 01l ooot
L*TET Lh8 ) 5*2¢ T 9°'gll LAt 00¢ AR 6'lel $'0cT G*wil 2°511 o00e
Tehel LG8 T g*2¢l 2'8et henctT 0g9 1%hel 2221 PRTRY £*8TlT I -1 DE9
TR 0°sel 93¢ TrLet gl Bos h*aci 62zt o°*bTl PRt nea11 gos
FREE A LYNET b'6ll 1921 heeet 00% £*3¢1 greel utuct u*gil b atl U4
geLEr ERE ¥ 0*6et el ¥*121 sT1e LAFAA! [ RN [T s e 1T b*911 Sig
gl b*2tl et y*eel AR A 0s¢e ¢l £%sel 6'bll L2411 v "1l 0se
1°9¢71 et wvleh 62ct Luet Oue PR TS Geel ¢oll L*B1T i*nit Due
D*Hel £°08} 142§ LAPAA he021 0yt a%3cdi 6"Tc1 *v i1 'S ll Q'Y 11T 091
3*eel gyl 1thet %'021 £*811 527 o*hel CRNITA g*all e'z11 2% 111 521
Te8T ggal g% 21 6*0eT PAVEL! 0utT o'c¢el gyt yll FAR AN} Y211 0011 001
2l 4°0g PAP YA 4121 £*911 0% gruel T*9ii [T s ‘UL 4°*907T 0¢
5*3¢21 Teeet et 5°9171 2*2i1 £9 h'b 11 641l ¢<* 111 U601 0201 9
1%2¢i byl 4°s11 [ 00T 0s €217 £ 60T 2ryil 0'n01 6101 0%
ap ‘11ds ap ‘1ds
zH ‘4090 ZH ‘4040
1321 et _ 441 801 M 06 PATY-5UG er1 et £ 80T 06 PITUI-BUO
3op ‘@ 3ep ‘0

p ouoz wnwixep (q)

[A8p paepuels ‘suoydodotul punodn]

Kzentiy ()

VIVA JSION JILVLS INITIAIS (L00J-£€) HALAW-NIIL— 6 ATAVL

26



461 heast B*hal %151 140l INa
3441 IRL D! TeEHt LRE-$:9 6%agT aSV0
0*TTE G*9T11 £4LT £*LTT PRI 00001
LR 4 FAR"IN ¥'617 611 9°911 000%
1°311 212t L%ccl 223 1611 (]
ne.T1 £221 AR Vet H'6Tl 000¢s
L*511 1421 YA g*hel 0121 0004
b T2l 0°921 £0lel L*221 08T 0ate
enel 2'92l vl 6927 ¢*eel luse
9921 2Lt 6°UET 6Lt 4*921 000¢e
921 0°egt 1e2¢T 5*g2T AR TA 0097
2°0¢T 2reet 0'EeT 2821 g°n21 0s¢1
12T geuel syl 6'gel 8*hel ooot
Leel he9gl 6'2el 5'g2t 6°4w21 00%
EAEE b*eT 5%2¢1 £'¥eT LAL P2 059
geLel 6481 I°TLl .21 652t 0us
£°681 0°*8eT £%0¢7 2921 LRI 004
L5k} 6°3gl b*oll heg2l £*221 s1g
£* 10l 2°9g1 R TAS PRLFAS J2e1 vee
BeEET PRI 0%cet LA A he121 00¢e
U°9gT 9*2¢1 [ ALTA g2t 0123 097
o581 g£e0s1 2aclt 6121 9611 sel
LRST ¢ FANTS byl 5*f21 2941 0071
Pl 6°0£7T 1Lt 1227 L1 08
jTogr ERCTA £eget £'611 2911 %]
HEEPA! 10921 2*eet PR'AYS 6911 0s
4ap ‘11dS
—_
321 cer £4 _ 801 ~ 06 uwsw.wmm

3op ‘g

¢ duoz umunxep (p)

0361 TR g% bal 1°151 Grunt Na
I'unl £yn} v unl & 'wEl 9*6¢7 JaSvo
PRt 1reit JRRT £t uTy Gonil 0000t
a*'q11 g '9ll 29T L°8TT 9911 000%
W'/l 1T b°6ll d'0 il 12l 1611 00E9
PEY £e121 REY 102l 50611 6005
1SETA1 b'éel ¢l 54921 2*'12t 000 %
neiel g ngi 052l 6e521 2*sel et
grael 6 *vit we3et PEYPS: gegel 0052
1te2l bruct neyzl 14921 JRTPE: 0002
t'cll g'0:1 r *bel 1rect LR A 009t
27151 Utert L tUsl YPL ¢ el 0521
PRF LUssl 6005T 5t %2l ¥ 2l 000 ¥
1tset beusl ge0s1 AETTE: genzt 008
Tl g'nLel 4 ust G427 [ A ¢y
Ltwel grest E*bel 14921 negel 005
JErEY Lrait nte el 10921 0rszl 004
15e1 bohel Brpel g nal 1r2el 51
300t N4l AP EAS ¢<'nll R TAS 0se
I'sel Let 1 PR EAS 1€et 021 002
1e55k ¥ Tl utsel wetel SE 1T 091
Jrhel g o2l TS éret i'oll 621
2L gl §'6e1 %% T W'yetl g% 1T 001
6*LET L*ycet FARHPAY L'l t*hil [}
PEVEY Qteit YRE w507 Y5l £9
criel woull FIYRet 6211 YEE; 05
ap *1dS
zH * 1080
€p1 _‘ cgl ¥21 H\‘ 801 06 o
3op ‘g

panunuo) — ¢ FT1dv.L

(8 1591) ¢ dUOZ PaoNPay ()

27




b*hs1l

1°esl

| 9°2a1 ntest ) 1tesd U*o4l INd
ERE-L LT £0inl ) Stofl £'9¢€1 RERMY
30T w91l #eulT nr gl 1*at1 00001
©*21l 6°411 2% 11 nrget 5411 0004
a*sit . 96l Prect ¥ rt02 0089
s*311 ' 2rtezt vl IR R ¢ 0005
3°8T1 2r221 942l 5*521 2tz 0uo*
2°0¢T 042l L yel 9921 a*h2l oste
w22t T 9ct welel a*yel 2421 BUse
g0zl . 6'.21 26t 262l Tryet 002
PACTAS ! 9'p2l 0roet 0%s2T 521 009t
1821 81087 0isT 9*g21 £9921 0sel
200l 9°egl e*1el 262t 5%621 00073
yriet LRS! AR 14821 2's21 008
a4l AR syl e Ly CRLTA 0£9
gragt neest abel yr92l L0521 0G5S
GoLET b*eel %2l (REFA b*elt 004
IRETY! L0151 belct L*n2t gr121 s1g
¥'IEl LeTel 0"yl g*get 6021 052
2*sgl 6' 01 y*g21 greet £r021 002
Loest AL 10l g*121 a*b11 091
ARTY1 9* ¢l FAFFA £*617 191y a2t
5151 b*l21 Vveeat 2 611 6911 0ot
6'isl (RN Treet 1221 14011 08
12 2 szl 7611 4911 9*ETl £Y
yreel £'o11 1°911 2'ett AT s
gp ‘1dS
zH ‘4040
£vT 5eT et | osor | 0s P a0

a'lel 1 w*0sl s*int N
Yrent Lowtenl 9rtgnl o £BEl 1ragl Tasvo
P01t a1l 6*sIr | wtsall negTl uooot
0cetr | ocun | o*9i1 RVR 8 §°511 000%
6511 | 0*6lf 1°6¢T . bt0<T £*9T1 0049
Y211 ) s*02Y . 3*v2v | 0'eed T°011 0005
3%67T 2221 gegel | 9°c21 50021 000%
p*eet 1°n21 T*set . 9°'nel 5227 0518
Wthel | 2t9el 1 mryel £yl gezzt B80S
3321 2 uel syl 50221 nehzi 0002
Teear , TC08T 2*62T | L2t 3sel 0091
2081 weigy 862l £rs21 gveet 0521
teegr ogeest neUgT g*z21 ¢*nel Y
d'RET 6'2Ll 70t 9*221 0°nel oos
£'9¢1 AL 1008 §°921 gee2l 09y
g*l£1 2481 y*oel £2921 b*22t 00s
S*oET nengt 2*vel 6°521 L1221 0o+
AT gegel £0621 RLFA: g2t sig
n°5£1 neset €421 PRI 5123 0se
2°8el 5°E81 yrger 9'gel w027 0oe
2°agl ¢t1el £%¢T Yyt $°6T1 097
ne gt 2*6cl <*nel 184! L*81} 521
2cgl D621 g£oney nep2i E*L1T 0ot
9°1g7 221 yez221 S'yTT 0°s 71 08
6°321 20221 9°y1i 6411 5Tl £9
tesat %11 41l 94211 URTR A4 0s
dp ‘1dS
—_—
et | ser | wer | sor 06 %Ew.wmm
dap ‘9
(11 1893) ¢ 2uoz peonpay (J)

3ap ‘o

papnpuod—-G AT4VL

% auoz paisnfpy ()

28



0°¢el s hel L0EET PR N3 52t 1e28t £'1ET Te08T 2821 2921 gr22t £°6 7T 1977 INe
9927 [RETA 5°3¢1 heEet £0gel Teeet 1121 0Tl £eLIT £°511 2317 D607 [ RN 1dSvo
m——-== T ¥ *Eb LYY P L*Sb h56 2456 1°56 0°26 8.8 g£'9g | - 0goo0T
...... 0°0b %96 0°96 T ERT £°R6 b*lb LT h*Sh 268 £°9g 828 oo0e
gLy 2426 6°lb 2°4b S°00T %007 6°001 ¥*U0T 1656 £°86 0*2e 6°g9 04 00£9
548 6'th 055 b'¥b yeoul PR 1} ettt uerot T°00T Teb PR £°06 2°s8 000
1*To 09 4001 3°00% £°807 0T 1801 2201 0°10F L°00T 3414 9°16 LAFA"] 0004
EAR T %46 1°201 2201 be0t LRT A ¢°c07 201 s*T0T 5007 £°96 £°26 948 0g1s
FRFE S*101 6°h01 4* 0% [RETIN 2°Y61 9501 9*407 £e20t 1107 0°26 £¢6 0°68 0062
ERNNIN o*L0T 6°901 [IRET A AP LAV 5*967T 9501 0°g07 2101 16 L'¢6 906 0002
2501 65Ul £°807 LAFA} 5°607T €% 01 AN} 6501 He201 2*107 4*l6 'Y 816 poot
n*50T 0*w0T 00Tt 8801 g0ty £°607 FALT 5907 807 8°101 T*g6 666 126 0621
20201 6601 w113 2011 £1T1 [SLNTA 84 1601 VL0t AL R 9*261 8°6b 1°96 8°€6 000t
6601 §' 111 5211 6011 [ARE%1 u*11l ueuTse 5201 B*hOT 0507 266 $°L6 0°S6 00e
2211 2411 bE1T ¥ TTT heett 2°111 2Tt £ 401 g*s07% 2reit s*001 806 5°96 0£9
3'¢11 b*sTl 0°571 5211 5211 U111 6'60T 24201 5°507 8207 2001 “'86 9°96 006
65°311 9111 1*311 AN 4] geert 7111 5011 LAETIRS 8°501 LREY1RS GT0T ‘86 9196 00%
6% 1T 8411 2Lt Leell 6chT S TTL 9°011 L4l 9°9p7 5*all TUE0T °86 6*l6 (334
PRI 2121 1°.1% ST b*211 a'111 L°0TT ¢'y0T 1201 G201 w20t 066 0°96 052
0°stil hruel LA RA LRSS B Irett L0171 L6071 .07 0*301 LAR {121 £°86 8°96 2°s6 002
T'u1T g+ .11 8917 9*2tt 8111 H'b Ul £'801 T°907 Teh0t 665 6°56 846 6°%6 091
by il 0211 9*h11 Pe1T L*0TT 5401 (TR B wul 1201 AR T 0°s6 ERLT 8*26 21
Te211 | R PATY ©* 211 by 0T 1801 0°'9CH S hUT 5807 L°007 2%26 PARY £h6 FART 007
04T 3°5T1 2°0%% 2°301 6401 RTINS 1207 5°001 T°86 £°9 856 n'16 2°68 0g
L°607 ERFA4 6201 1'50% %501 2*201 6'001 1007 5%6 8° 56 ThE 526 626 £9
CRLTI (A1) 0EUT 4*001 9° et AR 1'96 RS 5%5h 65*05 828 499 AT 0%
ap ‘'1dS
2H ‘4040
081 051 0T 141 021 181 _ (1144 001 06 02 [ oy og parg-suG
39p ‘0

aemod AIBNQN (B)

[Aep paspuels ‘suoydosiw punoan]
VILVJ ISION DILVIS ANITAAIS (LOOJ-01T) HELIW JHUHI-ALYIHI—~ 9 I19V.L

29




0°581 b4t 50641 9 unl PRELR¢ TUEHT FArL 01Nt T°RET geaet L1627 [RLFA 5021 INd
T*1et h*9gl 10451 n*agl L8817 $%2e1 10181 0*6cl 2921 121 5611 9 %11 t°217 1dS V0
s'U6 g*'i01l 8011 6071 1011 6°6UT 160l 0901 AR TRt £°95 2°98 5*9g | ------ 0000T%
806 3°:01 Hg1T g* 21t 6°011 0rctl 0°111 6601 (RN 1001 £°68 LX) AR oo
06 8*H0T CRFA 8¢ 1AL B4 6'E1T uveeil 65211 1rerT LAL-YIN o'sol 0°26 2'68 1°689 80€9
h'hp 5°ul1 geeTl PAER 4 £0€17 £l L2171 20211 LA R 6°£0T $°%6 0°26 98 0006
22k 2*201 g*nll 6*ntl 9°617 6*h11 2l 1911 S°1TY 14907 5°96 0*he 588 000%
56 PAR'T I §°617 6°6 11 LRy 24 b6°s11 £ 0611 9*H11 %217 29071 2°86 166 06 0sis
D20t "R 244 9211 3°.11 h'y1l n*LIT 6°YTT 7911 LA 09 D*eot T*00T 9°L6 1°£6 0652
£°h071 ERPASS 11T 6811 6°917 PR FAPA & €11 2*hit 0607 2*10t 0°66 256 0002
1901 1°h11 0°6et utuet h*0ch 26T PRI‘N 3% LAVAYS R334 £°601 Te20t €007 6°96 0091
L2071 5°%all 2121 2'1el 1SRTA1 [REEA 611 Tl p*stt 6°601 112 CRATIR 2°86 0621
T°60T 0°211 w221 Y221 1221 ¢e1el %021 44911 s*sit 9 G711 9*hlT $*201 L°6b 00071
9011 £°u1l b*E2T L€27 5221 £T2t <0l 6211 0°8311 [ A £°10¢ 0°co0T £°007 008
[AFAY 1roet 6°621 LALTA 8221 5121 et 92711 PAL A% L6071 9% 01 e°£0T 6°001 09
6°¢1l 3°tet £0927 7021 ht2el ¢t el uroet 241t hTT 2601 q*hat 8*£ 01 0°101 00s
£°911 [AFTAS 9221 PRLTA ezl beuet {611 ¥*371 B°SET 0°601 [3LE €907 1°101 00%
Y*L1T 8521 4921 1enel £'c2l §ucT AR 6°517 0°¢Tt LRX:11R4 S*hOT 8°E0T 0°70°7 518
6yTT 0°921 9°821 g*net 9321 otuet FAR IS 15911 L°211 6401 g 0T 9207 8001 052
5°1¢t ethel PAFTAS b*hel n*eel Grucet AP LAR R8¢ 1*2rt 6°901 Tee0t 2207 9°001 002
£EST bhel £ohel 24821 ¢rien 9°g11 €917 PREN 3 0111 2°907 6101 0°201 0007 091
£rget 0°821 g*22t w02l 5611 n*y11 PRURAS 2%¢1l 0011 9° 501 S*70T $°107 2001 521
g2zt Lryey LRI YAt ¥*121 AR R syl [IRU RS 91Tt 88071 5°n0T 2101 AR 9°66 007
L4027 heeel 1°6¢1 y'ecl 12l Lyl <911 c2r1 £°807T 2°%01 £°007 ©°001 2°66 08
8611 0°42l gro21 9*y 11 LA 9 (AR} 0°'1713 £ 60T 4°L0T 9+207% 286 806 4°8b £9
£'817 ¥°021 0°9T7T 2°511 €T ARG 2'901 2201 ALTIN G*007T §°96 1°26 ALY na
€p ‘1dS
0ST (1121 ﬂ 0el A ﬁ 021 STT (1381 _ 00T _ 06 0L 0§ o 0¢ ZH ‘4240
PIIYI-3uQ

3ap ‘g

¥ ouoz wnunmxel (q)

panunuon—'g VL

30




htugl 2*hnl °8hl 5°341 gtanl h'eqt g'ehl a°'0n1 2°8E1 AR 1R 2°621 33271 62T INd
ERRS N 0421 S*HET L°LEY Teagl TEET 6°1¢7 5'621 q*321 g*2er 8 LTl 1°911 1811 AdSvY0
6*2b 280l g9t u*680T 9°501 w907 £°607 gegot 6°T01 £°86 556 1°76 l°88 00001
0*%6 L0601 %81l 11T Tri01 ¢*w 07 £°'L07 £901 a°h31 6°c01 6°L6 2°'t6 L°68 ogoe
8 *9b 3011 s'ell e*tll 801t o'blUl s 071 a*eul q*L0t 5°907% 9°66 2's6 9°26 00£9
£'6b 8117 hegll EHIT 221t s°'117 £°211 PAR A £°627 9°.07 8007 £%6 5°E6 0oos
£°10¢ heett £°611 2*311 0°411 1°4%11 £°G11 0411 1°1t 1601 £*201 586 0°sé goocH
g*t 0T LETT 2*02t LTl 6°511 6"911 14911 9*ntl €2t 6°801 6°c0T £°66 T°96 051§
0°901 ¥°511 @121 5*611 2411 11t ¥*i10T 0°917 L°ETY L°607 8°€0T g°007 826 Y4
1407 1471 1°€¢t g°1et 8611 4611 L8 1T 2*LTT s*hll s*01t a*q0T g*tTat 1°66 0002
4'601 2*ull 6°£el n*eet 9121 “°0cl 9611 ‘Arags g*hit 6°0TT 2501 62071 #°007 0097
6017 £°611 9°4hel neeert £r2¢t MR X4 4 5027 5°%611 0*st1 £°11T 6°507 g*hot 0*tTat 0521
121t w021 | sl 9en2l 2-s21 2wzt £r121 20611 5° 511 9*11T | ee901 | gewor | £'207 0003
' bl P T 6°927 g*62i g9*ecl 5%¢cel R T [/Rd-R 91 g*'s51t 5718 6°30T 1507 8°207 pog
¥*hit L2l 0°getl £*321 ghet 0°2¢t L1217 6°g11 9°stlt 2111 %°307 1°6071 0°e07 0f£9
14911 bes2l 9 ezl 2v22t e nzl yez2l ye121 11 2511 0 TIE | we3gr CRTTR: 1+201 00s
T'ei1t IA-TAt 2°0€T g*8et hhel 5'edl £°121 0811 g°nit 9*071 1301 p*s)1T £°20% oo%
2611 1 2el 1621 2*92l g het 2ret PR LT gentl 0%0tt | 1901 LT | £c207 51s
6'%1T q°*et L°0E1 i%Let 0421 212t $*617 h'yll L°ETT L°60T 0°s0t 6*H0T 0°207 062
3°121 nee2l 9321 s*921 g 'n21 1002t w'gTL 94571 9°211 g%401 £o40T 2°c01 £°10% 002
3'eet 3°¢T 6321 2*'321 n°get S*b11 2°91¢ £l AR 22 L4201 £'¢0t LAYAIR 3°00t 09t
6°£27 5°921 2°€21 2'eel 0°Tct T*utl g°s11 Qe S°01T 1201 o*gar 8201 8001 6271
622t £yl €21 gteer 161l 73911 £*n1t 0°211 2'621 9°s0V 2tent 120t 8°66 oot
n*0et >*9el 9°2¢21 L2021 44T a1t L'TTY £°601 TeL01 T°H07 94007 b°6b 2°86 oe
g'611 s*nel %611 9% 11 2011 e 111 YR ¢*201 8°30°1 6°20°1 L* 86 PAPY: 5°26 £9
Tl Lruet 2°slit 6'E11 St T1Y T°601 £°9071 1*a901 L°801 9°00% 8°96 £%96 g 46 s
dp 1dS
051 0%1 0st 531 ozt st [ oot [ oot o6 | oo [ oe op 0¢ L
3op ‘0

(8 1s91) ¢ auoz paoupsy (o)
panupjuod—-9 ATdV.L

31



LALT 04l sent n*3nl 5ant £091 1reqt 91T 0*eET RV ¢ ge82r | zthzl . w'iel INd
21621 6°951 2681 goL81 1ol BesET §r2s1 ALY 2321 L1r22% 2*8¥T . £°s11 . 6'2ll 14SY0
...... | 2%k 021t 2111 6°607 P01 4*807 1°9071 2°101 146 589 £'9g - 00007
188 3°Lb a*q11 st 1t Ti11 1°211 9017 Q80T 9401 L°86 L*06 g'9¢g 9458 060g
T*ue 5°001 0*'stt T'all IR 2% ¢ 2°¢11 £°211 0°*1I11 LAFAIRS 8° 101 2's6 5'ge 9°98 00€9
226 LA i) 2'611 1°511 £°'411 W11 L2111 S*'I17 6801 £°£01 ERE ) £°'T6 gl 000s
456 5°%07 LAY 6* 9711 0411 £*°4717 [ R%4 6°'211 £°0T1 g°* 4071 0*86 $'f6 £°06 g0D*H
286 L*901 LAFA A1 FANRY: T3 S$*9711 9*'sI1 A R3¢ 9111 6°90°1 2*00t1 £'96 6°T6 [ R34
2°107 3°601 2°611 5611 04t LEI'R3 9T 911 6211 9°901 £°207 6%26 146 0062
LALY M LTIt L0021 ge02l 2021 61T 6'ulT IAVA4: 0°h1Y 8°60% L*g01 0°'66 [ P96 0002
9°90% £0¢11 9°121 g*1et ne 2t wouelh 9611 neg11 41T L0017 bn 0T 9°001 1486 0097
£'807 6 41T ge221 622t 121 ¥rrer 612 T'611 2611 £°111 6°60% 020t 6°86 0527y
T011 4°'911 Al P4 henet T4t 9*zetr 9°t121t 9611 L°ST1 g*Itt 6°907 6207 1001 ooct
4°111 L2411 1521 2*adt G*hel b*2el 9121 £*61T 8°ST1 g*'111 0* 01 5°f0T 6°001 aoe
S*% 11 9°%11 2°921 2*9¢el 1ract 0*x2t FARTAN 5* 61T 8°511 [ 4 % 4 htiav LR 111 s*10t 0g9
0%s11 s*0ct 18217 9*9z2i PAR-TAt g*cet [ A -4 4 6877 9+511 0°¥TT £°L20T $*4071 9*107 00s
4°9717 3*22T w621 221 h*621 g*221 g*127t 9°911 T*sT1 6°071 AV g*hot 61071 004
£°8711 £o°4921 9*621 g*L21 6'421 $*2dt 5021 L1211 S*h1T 5017 T4407 5°4%07 9°*101 s1¢
21T 2421 LAR TN goL¢l £0act 61T 9*'6 171 AV AT} 2'°4%11 201t £°901 g°e01 £*°101 052
012t 1°521 2%62T 082t 262 022t £'611 80971 9*grl LRTYI)S 8507 CRFT) £*107 002
1221 5°22% £*321 1es2t 505271 $°02T n'g Tl L4511 9211 TU60T 2°501 £°001 6°007 0971
a*1271 T*621 1321 L2271 2121 T'811 09711 1911 LT 2°e0T 5408 6°207 2°10t 5217
2°61T 5°621 6*L21 hezet £* 721 2°811 6511 61y T*017 6°30t 2*h0t 1201 5°007 0071
b*LTT 0821 14521 a‘tet 5121 9611 6*9T1 R332 5°601 5*901 £°£08 S*107 14007 0g
1911 p*s2t 6°121 9*LT 5817 4911 £°'¢€11 8017 w601 £°4601 2°2071 2ot T*66 £9
£'¢TT 322t £°'617 henll £ 217 {°511 5°¢17 LAR 911 LAFARY 240t 11071 5'66 9* 96 0s
ap ‘1ds
01 M 112 4 ot 14 0z1 181 011 001 06 0L 05 0¥ _ 0 wmﬁwwmm
3op ‘9

G U0z WNWIXBW (p)

panunuo)—'9 TEVL

32



FALTH heznl §'hnt b*EhT 2'enl 0'twt 2'ent 6*04T 0*3¢T L RPN 0*sel 9221 w'611 INd
Zust d9st Te0it 2ougt oegst 5151 s 0st 6wzt 0*9z1 6021 2es11 1wl 9111 1dS¥0
126 LR 111 8°0i1 g*p Tl Q01T w011 601 201 PAS 1 & S gb S*he | mmeeem | mmmee- 0ooDT
0°¢fb b*al071 LR aY G211 T*111 £°2T17 T°111 9001 0*agr L6 2°'9g T*wg | ------ ooce
h°'S6 B*L01 S't1Y L'ETT 0417 152911 1211 g TTl 2°R07 g°00T 8°gg 2°'se 528 06g9
5°9¢ 5201 S°E11 £eE1T £ETT G*e Tl 6211 0277 8°607 £°20°1 i*16 g8 Tey 000¢
166 0601 VAL 231 AR 221 g a1l €41l 6°n1T T°4911 T°I1Y (RIS G*%b 2°'06 298 000w
£°70T €071 2611 3911 H 511 0°*9T11 L'STY 8411 2211 2°301 6*96 826 5%.8 0471¢
B *E0T 3211 LAFARS 24T £°¢11 97T 2%l Y9717 S*'ETIT 6401 S'h6 146 216 00se
&*501 50611 | L'wiT Wty Lot Gyl Teet1 1011 gontr £1601 600t 626 tone o0az
2201 2°s Tl 9611 h'BTT 2'02et 2611 2°817 9*/11 941t %601 J*201 566 6°56 0091
eruut 3%91t | 2027 9°02t L0zt ze021 gee1t grert 00611 g°601 avs0l 0*t0t 2* 26 0521
£°011T o*LT1 1221 122t 6*i1c1 veret hepel 5 °9T1 1°911 2°111 15071 2207 £'66 0001
Pt Loo1t | wegen 9°22% 8121 ovrzt 0v0e1 IEPLT: 24511 2 0ns Ry 64201 1+001 008
el g'02t VAL TAS peget 8121 g°021 17021 91T FAL 29 4 8°60T L°907 S0 8'00T DES
0°'s1T 3°'c21 p*sel 1*'e21 5121 g*02t 96 T1 8°9171 0*hit 2601 VAL 2114 2807 9'00F Bos
2Ll 53°tel 0°3271 6*221 1121 w02l 0°6T1T 7971 LSRG 5°80T A 214 T*%0°T 3001 0o%
9411 2'9z1 | e'hel w2zl ne izt Te0¢t weR Tl 251 F1L; 2901 TonoT wrg ot 10101 s1¢
4611 £°+921 L4321 3221 5°021 0'6ll 9217 14511 1211 2401 6°207 2°201 £°00% 0562
61271 194 P2 2'921 g°¢2T £*1el b*8 17 0211 0411 LYY £°9071 2*20% 91071 1007 0oe
T'eet 22T heeer FAR T4 49'611 1211 ¢*s1l 2'2T1 20T 6*a071 0*I0T £'101 266 09t
252t ge921 | 2°121 0r02% 811 5a 1l §es T 10 G501 Teant a*not ortoT 2°66 21
6121 2es2t | 2vzen 2002t 9 11 21T 01T weg0t L1501 £00t TeroT £66 a0t
1123 teszt | etwat a5 21 £+ 121 2611 1311 e wegot L4501 £e00t I 0°66 08
611 gezal | Le9Tl Tt FETES: o211 60t 0901 8+907 £070% 926 1496 "6 £9
50211 00611 | 1wl st 5111 a'601 b9t %501 3°c0T 286, iv56 256 686 0s
v ‘1ds
2H * 4080
YT 031 0gT 521 0zt g1t ort [ oot 06 02 0¢ ov 0¢ R ao
3p ‘g

p ouoz pasnipy (2)
panumuo)—9 TIAVL

33



lgezst 5%ent LS Tesal X3¢ 5241 PR L] 6657 90481 6*nel £°621 6°921 FAL FA INg
ERFAN 4°9€1 1821 PRETN IR T 9%2el 1'IET y*§2l 6°521 grzzt 6211 £°911 9*H11 IdSV0
T'to PAFI 6°Ti1 5901 2401 ERLTTT 9'e01 LRPINS 1101 886 6°96 1°26 £°68 oopot
2°Sh 9'607 9*hiT b'607 2901 LAFRIN 5°901 €°4901 6°E01T L2001 2°b6 8°t6 0°06 oooe
AT Loutl 0°s11 n*0TT %601 G601 H'g07 6°g01 £°2071 901 S°007 f°%6 5°26 00£9
2001 £111 £°611 15022} 8011 PAL IR & 1°011 s'011 2°60T 9°.0% 9°101 £°L6 8°¢6 noos
g'Eul AP 9371 LeETL 98Tl 5211 9511 [RE N4 6°0TT S*601 %207 ‘86 556 00o%
T yul L1l 6211 L°571 CRR2%¢ hen1y [RLRSS d el 8 TFT 2*'601 6°201 Y66 6°96 0s¥¢
£RUT ¢ a1l 4611 [ R4t 2'911 €911 29711 0°G11 0°ETT 2607 8°E0T 0°107 8°96 60s2
€017 10411 £°121 o0*o2t 0'613 'y Tt ®L11 2°911 6*ETT 8° 017 9907 h20% £°007 6002
6117 UteTtl £2221 AR T4 L0021 a*b1l [ A% 2911 [RL24 TUIT1 2501 £°E 07 9101 0091
IR 21 1611 FANEA! s*eet 5121 St el 2'6T1 LAVAS! Henil w3ty 8°501 AL 1121 Te2ot 0527
B8*ETT 102t n'n21 g*gel 5221 5*121 FAdFAS Tyl 0°5717 121t 8300 0°6071 £4£07T 0001
AL RS 112t 521 yehet PANYA Gezev sr0et 0°w1T 61l 2111 2L 01 %°907 1407 008

1 Y17 LRPFA 9321 £°521 9*¢el 9'¢el 0°121 2°.11 L1011 AR S 5°907 a°s0% 1*007 0£9
€213 Lreet 0%4¢1 y'sel g set £r221 90271 S [ AL X9 9017 £°901 0°s07T 1°€07 00s
LAFRS > *h2l LA T EARTA PRETA¢ uez21 g*get TN FAL RS 5011 £°901 €607 8207 004
5°02% T4 6121 5°927 ERIYA L°1ct 8°677 791 S*ETY 2011 £°907 6°h0T L°201 84
2l et FAR A 2°'Secl y* 21 2'6 1l 6°6T1 TURTT 9*607 £°501 1407 o201 0s2
neaet 2521 2%c21 6°g21 9*0271 £'81T £°5711 1211 T°801 nh01 °E0T 2%2071 ooe
£enel 3*221 ¢ta2l we2et 6'617 $*9 i £egT1 80Tt 9207 et ot 8201 [RR 1134 091
AL R4 4*521 £°027T LRF-FA1 1021 LT 5'a1l 9*21t 265 65°907 6°207 Dot 101 2%
a'£el >teet g2l AR T 1611 5917 L A1 02Tt G301 h*s01 L°201 9°201 0°*10% 00t
Z2°¢el 1°9¢T 2reel ate2l Tl £°5 1T PARA 6607 €°907% hea0t 1101 00T 966 08
0°0c¢t Lrs2d 5°811 1217 L*911 0217 L6071 5207 £°901 8°20% 9°86 2'86 £.6 £9
8211 z2*021 S*hTT [RR S 5111 490t 6901 0°501 £eF0T 1°00T 2'96 6°56 8°¢6 0s

ap ‘1dS
ZH ‘4090
0St 0%1 0€1 821 0z1 [543 01T 00T 06 0L 0¢ [1]2 0¢ PIYI-2UQ
3op ‘g

(11 1823) ¢ auoz paonpay ()

papupuo)—9 I1GVL

34



£°407 PRT2S %671 FALYA n*s21 2°121 Tee11 223 [RR41 9°511 6417 AT 81 FI33+ 20201 9°9371 4SO
............ S - ———— - - —mmm-- 6°E6 1°€6 e Tmmme- ik mmmmes - 0008
.................. 6°101 0°%01 0°66 Z*86 496 £°%6 $"€6 1°¢6 1°¢€6 e oo ------ 00¢9
...... (AT LAY 8°201 8°601 9°001 6°16 1°16 6°96 8496 (221 Y96 1°06 6°58 [ 000¢
[ 9Ly 196 87€01 2°101 §°¢o1 1°201 1°101 6*001 0°001 586 8° L6 8 €6 [0 R R—— 0004
611 gy L4506 S €31 s°201 L4501 67501 Z°501 1-%01 0°201 866 826 [T 13 T I Ep— 0ste
»ouC 868 116 6°€01 6°801 1°201 ze101 1°901 5°501 9*€0t 8+001 2766 1°96 6°16 | amoee- 00s2z
z* ek 0°26 0°66 1°501 9°801 L4901 17901 0°901 L*401 L°£01 1+201 €£°007 6°L6 9°€6 1728 0002
b bk 2°c6 8°66 2°901 €°601 1°401 5°901 %°901 1°501 6°€01 8°201 6°101 L°86 9°€6 8ees 0091
£°9u 9°¢6 84001 €°901 8°601 4101 €°901 0°901 1°901 €401 4°201 L7101 5°66 8°€6 Qeug 0sz1
ool %56 Z°z01 6°L01 zertt 1°80% €°401 €°901 %°901 §°L01 L4501 €°€0T 866 gofe 0°58 0001
168 [T 6°€CT 2°601 se211 1°601 €°801 £°901 £°601 §*901 4001 €°L01 0°%01 8°96 welg 008
506 £°86 6401 £°011 2UEll 6°601 6°L01 $*601 8°£01 1°€01 §°%01 €101 4°501 1°001 168 0€9
2*26 %°C0T 5°901 6°111 LoHTT €°0T1 €°801 6°501 G401 8°201 L°101 9001 £*001 1°86 LS 00S
TS g°101 2e101 6*211 L1511 FALN S s*101 9°501 z°€01 1°€01 0°101 966 %16 6°%6 1°06 004
1°¢6 9+201 L°801 €411 0°s11 $°011 €7101 6°%01 2 €01 1-201 %*001 686 s°L6 8°26 0°ag 313
¥*96 5401 S*0T1 LUETT 8611 Z-0Tt 6°901 g°€01 | L-201 6*101 Z2°001 1°66 0°L6 L %6 9°06 05?7
166 14501 9°011 (31181 0°911 %*80T1 2°501 G €01 5°Z01 1°66 6°66 9*16 1296 5T E6 €68 00¢
c*olt st eCt 2°011 911 0°%11 1°801 S°501 £°€01 L°101 566 966 0°L6 £°96 2*26 2°68 091
€66 1°901 5°601 €911 g*2T1 6°101 €20t z° 101 6°66 €786 £°16 556 6°56 €°16 < pe §71
PRITS €201 9901 6°111 1011 z-101 6°101 6766 8°86 1°86  L°96 1°96 L1°€6 2°06 0°5y 001
€ 16 1°£01 9°L01 1°011 1°211 g°.01 6°401 0°101 6°16 9°56 £°€6 Y26 926 »*16 €48 08
Y 4°4CT 0-to01 8°L01 ze101 s°101 £°L6 %°86 1°86 6°66 0°66 €°16 8°98 2*89 veug £9
96 0°%01 1°501 §*501 9°501 1°001 6°96 €716 6°46 8°16 1°¢6 168 4°L8 1°98 €61 0s
ap ‘1dS
-
091 I 0et 0zt ot [ oot ] o6 ]| e | oz ] o9 oS r ot 02 vmc_w.wmm
dap ‘g
HdN paiea .Anﬂ 159)) ¢ Bucz umunxep (qQ)
£eE0Y LRI 6°601 9°601 9801 6207 FAFIA £*907 n°g 31 2°607 £°507 geont 9°4CT 14807 165 1SV
.................. mm——- it z2°08 0=18 2°08 1°08 i et —-m-- R .- —m-—- 0008
.................. 8°LL 1408 L°18 6°28 118 8°08 €°08 1°18 1°18 oo momoo RRRE 00£9
...... v EL 9L L*08 0°%8 6°48 6°€8 §°t8 z2°48 9% 9°4g 928 918 218 ————- 0008
...... 951 4°08 €°h8 L°18 €768 1°68 L°88 8-88 €°88 9°g8 0°L8 L°s8 €298 - 0004
1L oLl 6°18 4*98 5*06 0°96 296 €°€6 526 6°06 1°06 €°88 0°88 z°68 ————- 0S1€
[ 9°6L (44 7:] €°88 8°26 6°56 9°96 6°%6 6°€6 9°26 916 €°06 8°88 1°98 9°28 0082
1°5L 0°28 L°98 8768 2°€e 956 2796 9°%6 L°€6 1°¢6 G'te L2 Y 106 L8 *28 0002
L8l [3LT:] H°88 €°l6 L°€6 2756 1°56 €756 ovo 0°ch 1°€6 €°€6 €°26 R°68 LAZT: 0091
118 898 9°06 26 (3278 § 96 Love 676 2°s6 846 9°f6 9°26 526 2°06 0°98 0521
21y by z*16 8°¢6 PALTY 0°96 9°%6 6°€6 $* %6 ¥*96 [247) 1°%96 1°96 6°€6 FAIY ] 0001
CAL 4 L6t %26 1°s6 5°96 1°96 456 v 6 S*%6 €°66 5°L6 v°86 2°66 L6 6°16 008
IRLT: 1°16 1°%6 8°56 8°96 6°56 8°56 hohe L°26 2°26 2°¢6 1°56 6°56 $°96 L°66 ogo
€6k c°t6 8°56 696 8°L6 9°96 L1°56 1°%6 1°26 5*26 8°16 6°26 116 £°68 LT 00§
o 5°56 £°L6 086 z°86 £°96 0°66 2% L°26 c*26 b6 0*€6 2°26 206 0°sg 004
726 %86 6786 2766 0°86 0°96 9°56 L*%6 096 €06 9°£6 Y26 0°c6 6°98 z 28 2 (3
1*%6 166 6001 1°101 €°86 S°L6 4°96 996 £°€6 §°26 8°16 6768 s*18 6748 £°18 oce
*ib €001 *e01 1*101 086 1°Le $° 56 9*ce L*16 815 6°68 g°:9 5°9g Q€8 L8l 007
[l 5 °Cot 0°101 966 2°96 €66 L1 2°16 0706 €68 988 L1718 g°s8 4°28 9%1L 091
0°%6 €£°C0% 1°001 8°66 L*L6 226 8°06 168 568 1-18 €°88 €18 568 6°28 621
v*1e 816 cC*66 9°86 0°s6 £°06 L*88 y°18 118 £°98 9°s8 L°%8 2°¢ce ReLi 0°9¢ 001
v*le ©*96 6*96 996 2°¢6 z°68 1°99 0°18 6°98 9°6g €48 9°¢8 $*E8 428 L%y 08
i°6y £°16 2°96 Y68 6°88 5°68 2°48 s°%8 eess 0°98 148 c°¢8 9*28 | ——meem | ol €9
LA 86y 926 68 [L ] €°28 828 6°¢8 €8 6°18 248 &6l P S ——— RS 0s
gp ‘1dS
ZH ‘30
091 [ ost | ost 0g1 o021 01t 001 _ ow _ 08 _ 0L 4 09 L 0¢ oy ot o E_ﬁ-wmm
ap ‘g

YdN P2I1BI ‘(27 3s93) damod Axennw (@)

[£ep paepuess ‘ssuoydosoiw punoad ‘38 A0AY] (3003-00C) JI21DW-ZST])
VLVQ ASION HFAOXTd—"L AT4VL

35



3%60° 1911 62T be221 £0921 2411 6°917 (2241 (RL241 £eHTT LR R41 G* 211 £°711 50401 9053 dsy
$°L6 9°96 §°96 a4 §*€6 §°c6 1°€6 | ~mmmmm | mmemmm | mmmees e 000§
|||||||||||||||||| 0°e01 a6 6°96 0°ile 0*66 UL 7Y [ 1} 8 €6 A 1 it T ST 00€9
[ 12Y] £°6Y 9*86 »*e01 £°001 9°16 8°96 €°96 1°16 116 6°56 124 1) %°06 918 | =" 000%
5L €16 L°66 L*%01 €°201 s-101 €°101 v*00t 2*001 966 2766 9°L6 L4l 1°06 [ -omoe- 000%
b°0b 516 1°66 L°%01 9°€01 %901 1°s01 1°%01 8°201 s°101 L°66 0°86 6°%6 L2 I R 0s1¢
5*28 1°¢o 866 §°601 2°501 €°901 4°901 2°501 2°%01 17¢01 87001 $°86 6°66 816 | ------ 0067
L°%8 B%6 0-zo1 €°901 Z°501 €°501 8601 4401 6°€01 67201 2 101 6°66 v Ll €6 628 0002
£°98 L1766 s*201 8°901 s°s01 6°4%01 1°501 $*%01 £°€0T L7201 8°201 £-101 6°R6 1°%6 9°hg 0091
916 [ 1°€01 6°L01 9°901 1°501 2°%01 8°€01 6°401 €0l 9°001 £°101 27001 1796 *98 (%4
[N 9°L6 Cc*401 87801 %*101 Z2°901 L7601 9401 €°901 “°901 1°¢01 s*101 2 66 9°56 o9y 0001
st 16 $°66 8501 6°601 $°801 z*101 4501 L°€0T 0°£01 0°s01 0°901 6501 Lezel f°l6 R*LR 008
[ 273 1°101 LeL01 0°111 4°801 0°L01 6°501 L°€01 9°201 17101 6°201 L7€01 £€°%01 17201 2°€6 0€9
S he €201 L*801 121 9°801 %201 9°501 $°g01 z°zo01 %7001 1°66 $*6o 0°86 Z°Le Z°16 006
1756 Le°€01 $°601 ze2nt 1°601 €°L01 8°401 €°€ol 6°001 8°66 0°66 Yook £€°96 9°€6 0°88 00y
6°186 0°901 %°011 0°z11 §°601 6°901 5*401 L°z01 L°001 8°001 6°66 9 L6 9°66 0°26 LS8 1€
L°R6 9°901 S*111 0°€11 EAI N A %*901 €01 8°101 1°001 z°66 9°66 8°96 G E6 €°To beoR cse
LAJAN 6°901 €111 1-211 Zeo11 L1501 9°201 €101 L*86 §°86 2°L6 1°56 9°%6 6°26 6768 002
[IA 2*Lo1 Y11t €111 0°601 L°%01 §*101 2766 1°001 [AFY] L°96 b*56 %6 6°66 [SIX] 091
urool 1°901 L°011 2111 L*L01 s°101 0°66 4*001 1°66 0°9% 6°56 AL (421 116 Qg sz1
vruol 1°401 6°801 1111 6°501 6101 166 s L6 866 $°66 Lo%6 2°26 9°26 Z2°68 o 6R 001
%001 H°€01 L*801 $°801 9°%01 o-101 Lo16 L=v6 6°%6 ST€6 €76 $*16 0°68 168 zeze 08
6°86 0°%01 €°901 6°501 Z* 101 0°96 L°26 0°c6 L1726 L*26 926 £°16 b°86 AT 0" %8 £e
9°96 §°101 8°€01 L°€01 5*86 S°€6 0°ve €26 L*16 L°06 £°88 6°88 848 328 ARl 0%
ap *1ds
-
091 05t _ op1 F 0gT 0zt (1181 _ 001 06 — 08 _ 0L 09 05 ov 0 0z umE..a.Wmm
Bap ‘g
YdN Pa18a ' (g1 1593) ¢ auoz peonpay (p)
G407 9°511 %11 £e221 [ R 34 5211 2°91% 9°6171 [AX04 ¢ 8egT1 g2t 91T TegnT n*197 14SV0
............ 2°96 1°%6 L4 ‘26 s ------ ------ 0008
................. 2*101 L°86 L9 €16 8°96 8°%6 946 0°%6 2°26 906 0°26 ERaEe 00€£9
..... L°%8 2%56 1°201 §°001 686 8°L6 9°16 9°16 6°L6 1°96 9°€6 €°06 2°18 B 000¢
9*LL 1°68 9°L6 6°201 4°201 9°101 Lot 0°201 1°101 z*001 0°66 L6 1°t6 8°06 | ------ 000%
8Ll 808 c°L6 8°201 0°€01 14901 8°501 4°501 8°€01 1°201 0°001 AT §"H6 1°66 | ------ 0s 1€
Z°08 £°C6 6°L6 9°€01 Z2°%01 €°501 1°.01 2 101 »*501 s €01 2-101 S 86 456 926 6r€R 0052
v*28 1°26 €66 %01 1°%01 67901 6°501 0°901 9°%01 z°€01 8°101 Z°66 0°Le Z*%6 wehg 0002
0°%8 FAL T 8°001 9°501 0°501 8 *%01 6*501 s°601 L°%01 z*201 5201 L1101 5°86 §°%6 16y 0091
LT 1°%6 101 2°901 2°901 1°s01 1°501 0°s01 1°601 6° €01 z2*201 166 2°66 0°96 €98 0sz1
698 §°66 o201 €°101 S°L01 9°901 17401 4°501 6°€01 z°901 4°601 €-z01 0°66 1°66 €oLR 0001
068 L6 1°901 €°801 6°801 zeL01 s*901 2°501 b*€01 1°€01 z2°901 L°501 €°£01 6°86 0°68 008
8°66 1°66 8°601 2011 6°101 €°101 9°901 €°%01 2°g01 8°101 z°101 1201 z2°%01 2° €01 w76 0€9
1°26 g7C01 €°L01 0111 z°801 0°801 €°901 L*%01 Z2°€01 8°101 %001 0°66 L°L6 495 L°16 00$
[RXTS 0°€01 9801 £°111 L°801 9*101 5501 €°401 8°201 Z°101 %66 8°86 L°96 0°%6 168 00%
8°s6 Y°£01 2 o1t 9111 2°801 L°901 501 0°€01 9°101 4001 0°66 z°86 0°96 1°€6 G°9g s1€
[T 1501 9°011 €°111 4°801 6°901 ¥*€01 »°201 z*101 $*001 8°86 8°26 £°56 L°26 LoLR 0se
S*oul 1°$01 1°011 0°€TT 6801 8°50T1 €=201 s°101 €101 L*66 €66 6°96 €756 5*26 f*Le 002
8°L6 8°LC1 6°801 6111 0°011 L°901 6-001 5°66 zeo00t 6"8o 9°66 Z°L6 %6 1°06 e LR 091
9*001 8°901 0°601 $*111 2°601 1°%01 Y66 €°001 2766 Le16 9°96 FAL TS Z2°¢6 L1768 2°98 (4]
6°86 L°€01 €°601 1011 £°011 0°zot1 266 2-86 6°L6 6°66 L°96 €£°56 0°1e 1°L8 1°¢8 001
696 4°401 1°201 8°80T €°901 6401 $°001 L°66 8°66 6°%6 £°€6 126 6°06 218 €°¢8 08
6766 6501 6°9G1 Y101 €°501 0101 6°96 1°66 946 9°€6 9°16 5*06 6°88 £°68 1°¢@ €9
9°56 6°001 2*401 9°%01 6°201 2°L6 6°66 L €6 9°16 2°06 €16 648 €°98 Y58 061 0s
4P ‘1dS
091 ost [ ort [ oer 0z1 ot [ oot o.,.m o8 [ o 09 [ [ [ 02 wm_;w.wm__w
op ‘g

YdN PRI ' (P 1891) p JUOZ WOUNXBY (D)

panupuoy—- ) ITAV.L

36



nelit £egT1 RT3 3°517 2511 611 65171 €211 SITT 0*0TT 9801 RET ) 00T 1eT01 1°96 14$¥0
.............................. 0*88 1-68 YeLg 9°68 R —e-e- e —mmme- - - oooe
...... —mm—e 2°s8 6°L8 L°l8 »°88 6°68 9°L8 L°s8 6°¢8 [251:} 2°e8 i T - 00€9
...... 9L 9°58 8°68 106 168 6°68 13T L°98 918 1°98 0°8 s*z8 Lo€8 e 0005
...... 1°c8 588 6°26 €£°%6 6°%6 6°56 1°%6 £°€6 272 8°06 €798 998 1b8 - 000%
1°28 0°68 1°¢€6 0°96 L°16 6°66 1°66 8°96 945 6°16 g°68 468 G°06 | ~m==m- 051¢€
Lb8 L°16 £°56 9°L6 666 L7001 8766 5°96 6°96 €46 2°26 0°06 o°t8 | - 0052
698 5*€6 L6 ¥°66 2°001 0°10t1 6766 5°86 216 0°s6 §°26 L°16 988 vl 0002
5°88 0°S6 v°86 8°66 1°00t1 Z*101 z-001 6°86 6*l6 8°c6 0°%6 1°c6 0°68 8°18 0091
1°cé 6°56 v°66 €°001 £°001 9001 0°001 0°86 z°l6 279 6°%6 6°26 8°L8 6°19 0621
916 s°L6 z°101 1-z01 0°201 2201 8°001 066 0%86 0°L6 1°66 626 1-88 0°ze 0001
S°€6 8°66 v°201 8°201 €°€01 8°201 1101 1°001 v*86 £°L6 z* 56 0°€6 688 ] 008
0" 96 g-101 8201 $°€01 9*€01 £°£01 €°101 $°001 0°86 1°l6 1766 6°€6 %*68 6°28 0£9
S g6 1201 »°£01 2°€01 8°€01 8201 9-101 8°001 €66 s°16 1756 6°€6 6°68 1°%8 006
0001 s*20l 5°201 2°€01 6°€01 1°201 g°101 §*66 L°y6 1796 956 6°€6 906 S8 004
€°001 0°201 %101 £°€0T €0l 1°201 6°66 v*66 2*86 8°96 556 9°¢€6 5*06 9°98 $1¢
9201 $*€01 8201 0°%01 §°€01 1201 9°66 £°66 S*8e €79 2°%6 8°c6 206 z°98 052
8°€01 6*€01 1°t01 S° €01 L*z01 »*001 6°66 6°66 9796 156 £¢€6 0°26 5*88 2°s8 002
4e£01 0°%0T1 S*%01 £°€01 €201 5.°66 6°001 z°66 416 2756 2 %6 806 118 1768 091
9°€01 Z*»01 1°501 %°501 z*201 9°86 9°86 0°86 0°96 946 €96 6°26 5°68 6°98 52t
g°c01 L1501 v*501 5501 6°66 8°L6 -6 2°s6 0°56 6%56 116 6°88 1889 2+98 001
LeLb 2 €01 1°€01 €401 8°001 1+001 1-86 6°86 6°96 0°z6 Z°c6 0°06 906 0°98 1°66 08
1°46 ve201 € *Cl 6°501 £°901 € *€01 6°86 0° L6 1°€6 246 z-6h 1°16 0488 0°L8 veg8 €9
0*f6 6°¢01 $=zo1 L1201 6°201 »e101 v*56 596 L°06 v 16 9°68 $*18 1458 €°28 9°61 0
ap ‘1S
091 051 ov1 0ET 021 o011 001 06 08 0L 09 0% 0v og 02 . #H '4080
{ PaIYI-BUQ
3ap ‘g |
YdN PIWWIIIUMOP * (L] 1891) ¢ suoz wnuixely (J)
I°26 L0001 £e201 3v201 9291 vrz207 £0201 Lezov §°101 8°ToT 8°00T e*301 £466 nele 025 145¥0
..... - .- Lol 941 2L 1°91 am 9°9L 2*9L 1°1L RS- -- - 00€9
..... 9°CtL 1°2¢ 241 s°LL 8°8L 6°8L 1781 276 L6l 6°6L 0°6L 2*64 6°08 - 0006
..... 6°0L s 4L 9°11 6°08 228 5°€8 2°cr 0°€8 1°€8 vez8 029 828 z°29 - 000%
abro bl z°si1 0°6l 8°28 1°58 s°18 6*L8 veL8 gese 048 5°€8 €18 co iR | ----- 05 1€
1°69 2°u seLl 6°08 0°s8 zei8 588 6°88 818 9°18 €48 0°98 €68 €°€8 | - 0052
685 0°6L s*6L 6°28 1-98 088 FALL] 588 0°88 z*L8 1°98 9°4g 6°€8 1°28 1°8l 0002
g2l 6°91 9°18 1°48 9°9g 618 1-88 0°88 118 belg 8°98 1-98 1°58 9+28 €761 0091
bohe €8l L°28 9°¢8 nelg 9489 1°88 LeL8 €18 1°18 £+ o8 2+98 €*c8 vobg 6%61L 0521
P o€l 6°€8 9°98 988 8768 6°68 1768 z*88 Y 9°48 v 998 RRLY 6*6L 0001
$e6L 0°18 €258 0-88 v°68 £°16 606 %*06 5°68 668 5488 seL8 1°18 €58 z-o8 008
i 5*¢8 2°98 ze68 1*16 L°16 506 606 1-06 0°68 1°88 1°88 2-88 9°59 1°18 0€9
b6l 0 9% 0°88 9468 816 8°16 5*16 0°16 8°68 868 1768 168 €68 2°98 L°28 006 i
se1e 958 6°88 %06 %16 516 216 8°06 €06 1°68 468 6706 $°06 068 LecR 00%
gy 9°18 z+06 0°Z6 0°26 0-26 z*16 1°06 1°06 6706 1°26 2°16 £°06 €°18 go€n s1¢
64k 8°68 L6 v26 1°26 €26 z°26 1°26 1°26 6°16 L1°16 ve68 0°18 g-cg 1°61 0s2
0°68 7726 196 566 FALTS L°26 526 1-26 9°16 1°68 £*68 v*98 0°s8 8°28 6°8L 002
906 £°c6 8°€6 ve€6 5-26 %26 5*68 £°68 1°68 €88 18 6°58 248 5°08 1791 091
€6 6°26 9°E6 0°¢6 8°06 568 z-18 6°18 v*98 6°58 £-98 geog byg €28 1°91 <zt
918 cez6 8776 L1716 8°88 0°98 998 1758 €€ 6°28 8°€8 z°€8 9°08 6°LL L9 001
5°48 5 68 £°16 €68 1°18 €18 1°58 898 8°¢8 veE8 828 218 808 2 6L €%l 08
1°58 9°5g 5°18 €18 0°98 9°28 z°48 [AL G by 9-¢8 vez8 128 €18 6°08  ----- €9
2798 598 v°58 0% beEg 9°18 228 6761 8-08 €28 9-08 8-81 vege gegL - 0s
ap '1ds '
S
091 081 0¥t 0g1 021 o1t 001 06 _ 08 0L 09 0s 0% og 0 um_:wwwm
Bap ‘g !

HdN prwujumop ‘(97 152)) Jemod AIsNi (2)
panunue)—- ) 414V.L

37



62071 4211 9511 513 41T £911 9431 Ev211 $°111 1011 A s*/01 8'5071 3°707 9°36 dSvD
............ ------ o $"88 9°06 1°16 L*68 LAY ] —mmms Riahinn Rkl ------ - EEni 0008
............ €98 LALT:] AT $*06 £°16 Z2*06 €18 1°68 %48 8°48 9°98 —m--e- s 00€9
...... S*6L s=L8 0°06 8°16 G526 2°16 6°68 8°68 Z2*68 c°18 €°¢8 0°06 [ALT] 000§
...... L 28 €06 146 Y°56 8°96 L*96 9°56 1°66 S$°te L*16 A 816 1°98 R 000%
A7 FALY:! 2°06 §°¢6 L°96 € “001 9101 s*001 8°86 866 676 8°06 €°06 9°06 | ----- 05T¢E
692 £°989 €£°¢6 9°96 L1*86 4101 1°zo01 9°001 5°66 2°L6 6° %6 2°26 6°06 2°58 | --- 0052
5764 9°yB 6°%6 1°86 L"66 6101 27201 9:0a1 9°66 1°Le L s [343 0°26 6'98 €28 0007
(43 506 1°96 1°66 17001 L1017 0*z01 z-001 $°66 1°L6 6°66 0°56 €°€6 8°i8 [\ 3] bo91
(344 026 1°L6 2°001 1*101 8°101 €101 9°66 €°96 6°96 1°96 z°56 6°¢6 4°88 GoEE 0521
148 e°€6 6°86 €°101 1°201 Z2° €01 97201 0°101 2°66 §*16 8°96 4°56 2746 6°08 1°¢8 0001
#eLg L6 g°001 4°201 g°201 1°%01 6°€01 8*101 $°001 9°86 Z°16 0°96 L°%6 6°68 Ho4e 008
80H 1°86 4*201 6°201 1°€01 6°€01 9°€01 L*101 0°001 1°001 £°Le $°96 £°b6 1°68 0°48 0€9
1°¢6 z*col 8°€01 9°€01 17 €61 8°€£01 §*201 6101 z=001 6*86 8°96 4° 96 1°56 216 9+98 005
G596 z- 1ot z*t01 1°201 Z°€01 Z°%01 1°€01 87001 ©°66 Y86 g°96 8496 L°%6 2t 16 6°58 004
€96 2ot 9°t01 1*201 L=zo1 (R el ¢ L1101 o*1o1 [A4 Y3 2°86 1°te $* %6 327 216 2*8B (211
$°16 L*201 Z2°€01 1°¢01 1°£01 $° €01 s°101 4001 486 2°86 2°16 9796 86 z°06 0°18 0sz
Le 1+¢01 €°€01 6°201 2°%01 6°201 g§°101 66 b*86 s5°L6 2°96 9°56 8°16 0*68 L°€8 0oz
1°08 6*101 6°501 §*501 Yee0l XA c*101 4*86 6°L6 2796 66 €796 0°06 768 1°48 091
L*bb ze¢01 1°901 0°$01 1°€01 866 966 9°L6 Y96 $°96 g %6 FAd 1 9°16 L*48 ALY 521
€ L6 0201 4*901 1°901 1°¢€01 S0t 8766 LoL6 $°96 6°56 1°%6 0°%6 9°06 958 (221} [JA
6°96 0* 2ot 0°501 2*%01 L*101 1°401 s*101 566 Lohe €°66 6°06 106 £°L8 568 118 08
$tu6 7ee01 4401 2*101 9°001 0°66 b L6 €496 Lege FAF{) L1706 €°88 Py [ B [ f9
2°96 L*66 g=201 4101 1°96 6°16 9°6 ALY 1°06 016 €798 L*v8 0°68 18 | ----- 0s
ap ‘1d§
091 051 ov1 oe1 0z1 ot | oo o6 | s [ o 09 0s or oc | oz s
Bap ‘g
HdN pauwwrumop ‘(61 1521) ¢ auoz paonpay (u)
2*.01 8211 10911 g°s1t LRS- 4¢ g HIt 6°€11 1°211 £°113 TeRTT $°807 2°:01 1°50T 5°101 £°66 dsvo
...... 6°98 588 1°06 9°88 i°s8 0*%8 2° 48 it R - i 0008
............ g°€8 258 veg 188 €16 €06 2°18 Hohg LaLT] FAL L] Rt —---- b U0E9
...... (2273 L] 1°88 2°16 €716 o016 0°06 006 [ALY] 1°988 1°18 0°£8 9°18 000¢
9 1L H°ulL 1°88 8°16 996 $°56 0°96 4°56 (4273 LAY L°16 1°16 118 o*s8 | - 000%
L1*12 L°C8 He88 €°26 496 1%66 §*101 L°001 5°86 6°66 S°t6 1°26 5*06 116 | 0 : 0s1¢e
6oL L3 0°16 JAL T 2°86 €001 6°101 0°101 5*66 9°L6 2756 0°%6 9°06 g*18 | ----- 0052
L1°9L €5k €°€6 L°96 2°66 L7001 8°101 c*101 5°66 9°L6 £°56 b6 816 9°8b (217! 0002
G*sL 0°e8 L°%6 L1716 §°66 Z 10t 9* 101 2°001 0%66 9°L6 0°96 2°g6 €° €6 2°68 108 0091
508 €68 1°96 166 1°001 Zz° 101 6°001 66 6°86 0°16 £°96 0*96 L°26 6°8¢ 8°08 0921
6°2H 9°16 9°L6 1°101 9°201 S*€01 L7201 Z*101 €66 6"L6 $°96 8*S6 (2473 1°88 L1718 ooot
L*58 Lo €6 2°001 4201 s*g0l 1°%01 2z €01 g 101 €°001 L*B6 €16 6°56 8°€6 2*68 zvea 008
1°66 RIS *Z01 8°201 Y*€01 §°€£01 s* €01 €101 S*001 6°86 8°96 96 (A7 L1788 z°cw I 0€9
£*16 G*86 €°cot 9°201 1°€01 9°¢0% 8201 1°201 $°001 0°66 Z°1l6 1*16 1°%6 1°68 0° %8 u0s
1°98 £°C01 T*%01 €°201 §°201 H°€01 2°201 ¥*101 £°66 2°66 Z°L6 ©*96 L1°€6 2768 0°%g 00%
LALTY Y*201 €401 9°201 7°¢01 $"€01 s*101 L°66 L°86 86 0°16 9°66 096 $°06 2758 GT€
L*16 IR 1°s01 z*eot 1401 €*¢ot 2 101 8°66 €66 8*LE o° L6 €296 326 0*1e Z°58 062
L 66 §°€01 B°€01 9401 2°€01 1°€01 5°66 L°66 616 £°86 866 6°56 FAK L 5*06 9°78 002
1°66 84201 4*501 1°901 1°%01 8°101 2°001 £°66 216 8°56 2°% 6°%6 6°26 9°68 S°E8 091
Y°Le 9°501 %*901 o-L01 1°4%01 8°001 6°86 216 £°96 4*96 856 826 g°z6 188 6° 48 sz1
%796 6101 0°L01 £°101 €°€01 1°66 L*56 1°g6 0°%6 0*66 0°%6 1°€6 LvL8 LAFN:] 048 001
596 4*001 0°501 4*z01 9°€01 L°16 $*56 6°56 [RLY z2°c6 9°16 €16 6°L8 9°58 8°08 08
L*S6 1°101 Z°vo1 L°€01 601 z 101 €716 Y56 2°%6 0°26 8°06 9-88 118 €°98 1°e8 €9
9°lo =101 z-101 g°201 s°101 €716 z°26 106 1°16 6°68 [24:1:1 L*18 2°98 L*e8 0°R/L 0s
gp ‘'1dS
ZH *JD80
091 051 0£T 021 f 1188 001 06 08 0L — 09 0% o ot _ 0z paty)-dUQ
Bap ‘g

YdN PRWWLIIUMOD * (81 1593) p auoz wnunxey (3)

penunjuo)—- ) ITAVL

38




9411 PEREE; 9* 4Tl PEXEE: 1°E1% €111 10611 3%601 ITL TR IXPTY: 10201 Y 145¥0
...... 8°sg 9-98 0°68 6"68 9-18 0°58 848 - = R - - 0008
68 1498 9°98 506 6°16 €68 5°98 698 9°€8 €€ | === | mmmeem | - co€9
9°98 8-g8 1°26 z°¢6 6°16 L°06 8768 €768 £°18 ] 6°28 ge28 | --—-- 000§
5°06 L*26 2756 0°26 8°96 1°56 £°%6 9 €6 9°16 868 9°18 258 | ----- 000%
$*06 9°¢6 0°16 =001 9°101 8°66 z°86 $*96 6°26 z°16 1706 688 | ----- 05 1€
€26 8°s6 9°86 8-101 %=201 8°001] 9°66 1°i6 Love 9°26 €706 T T — 00§2
€96 €°l6 066 9-101 $-101 €+001 2766 516 2°56 926 z-16 9°8g 11 0002
9°66 0°86 1766 s+ 101 s-101 866 586 s°16 €266 9°€6 6°26 568 z°ul 0091
$*96 1°66 0°001 ze101 6°001 1486 0°86 1"L6 856 $°€6 L°26 86y z°81 0521
$*86 z*001 €°101 4201 6°101 8766 6786 v16 £°9 2°%6 9°¢6 v*06 b8l 0001
2°001 6001 L7201 z-€o1 1-€01 8°00T 566 %86 €796 1796 £°%6 €16 6°08 008
£+z01 0°201 €°201 6°201 v-z01 z-001 1°66 8°86 0°Le 556 Z-v6 1°68 2°18 0€9
0°€01 §°201 1°€01 87€01 %° 201 9°001 $*66 1°16 5°16 0°96 S ve 0°26 £°€9 008
»=201 g-101 170l £-€01 0°z01 5*001 6°86 £°86 6°96 0°56 1°%6 Z* 16 928 004
201 9°101 1°€01 g-zol 1+201 v°66 9°86 z-L6 5*96 056 6°c6 506 1*9y St¢
0°€01 1°201 6°201 9+201 9°001 6766 596 €716 6°96 946 R*Z6 506 1°¢8 052
£*%01 €°€01 %*201 6°101 5°001 7°86 696 vele 1756 1°%6 5°€6 9°06 9+08 007
94407 L7501 2°%01 z-101 0°86 s°L6 2°96 0°96 9°56 926 6°06 918 g1 091
§°€01 1°€01 0°€01 0°101 0°L6 279 2°9 9%€6 £°€6 6726 2-06 9°9g €058 szt
1501 §*€01 £°001 1°86 596 956 €246 8°¢€6 1756 6°26 1°98 128 551 001
»°€01 Le€o01 9-101 6°96 596 vo€6 56 526 0°06 968 £°98 6°€8 z°81 08
6°201 L°€01 0201 w°l6 2° 6 €°26 1°16 1'88 1788 1°i8 8748 648 | - €9
1-101 9766 9°001 €56 1°26 506 068 v*88 1°88 z88 2758 618 | ----- s
gp ‘1dS
0¥1 081 031 ot | oor T o6 08 0L ;! 09 05 ob 0t 07 wm_zM_.me
3ap ‘g
HdN UWEETnﬂEBOU . AﬂN ~WWuv G U0z paonpay [4 O
9811 L0511 gontT 511 peatt LT3 01Ty 6607 1°901 2*207 £0501 ne201 0°55 145 Y0
...... 0°v8 1-9¢ 906 1-06 Z°68 698 - - —esmem e |- 0008
L7€8 €98 8°98 %06 1°16 0°16 s°18 vos8 g* 8 PR I e e T B 00€9
S 118 8°06 £°26 1°16 506 6768 7'68 L°18 558 veEg 0°€r | ---—- 000§
6°L8 s°16 196 0°16 €796 6756 946 046 v*26 006 2 88 598 | - 000%
£°88 026 696 z+001 %-101 z-10% 686 $*96 L°€6 116 0°06 P P [— 0s1¢
1°16 €746 €86 £°101 vezo1 £°101 866 286 s" 56 6726 1706 AT S — 0082
$*€6 6°56 2766 z*101 L*101 8°001 966 1°86 1756 0°%6 2°26 9°88 0007
5 96 5°l6 9%66 8°001 9° 101 %°001 0°66 916 856 L9 €766 7768 0091
6°56 v°86 €°001 0°101 $°001 2766 9886 116 »*96 £296 6°€6 006 0521
voL6 9466 v*101 z-z01 1-z01 z°101 1°66 €86 0°16 956 sece €06 0001
1-001 £°101 201 2°€01 v°£01 1+z01 17001 186 6°96 6°56 L°€6 016 008
%101 $*101 9°201 s*€01 £°€01 1201 87001 6°16 516 656 £°%6 %06 0£9
1°z01 §°001 1°201 9 °€01 $°201 s*101 Z+001 986 vel6 596 8°%6 9% 16 005
6°001 6°001 %°201 0°£01 0°201 6°001 €66 6716 1°L6 €16 €296 916 009
9°001 5*001 8°101 1°€0t 0°701 8°001 686 6716 v le 0-96 9 48 5016 s1E
4°6b z*101 §-201 $°201 9-001 1°66 1°86 €%lo vel6 $*96 2*%6 1°06 052
2-201 €101 6°201 €°201 5°66 6°86 1°86 115 9*96 1°€6 0-26 0°68 6°18 002
2-201 6°101 1°201 z*001 566 £°66 €16 466 1°s6 526 116 1°18 578 091
L*201 6°201 9°201 0*001 8*L6 9°96 €£°96 0°s6 6°t6 6°76 L°06 268 boun szt
1-%01 0°€01 5766 6°16 916 2°s6 1°%6 £°€6 6°€6 026 1°68 0°98 428 oot
0°€01 §°201 6°66 B L6 6°L6 586 S*v6  1°%6 €16 1768 5*98 Pere 6718 0%
1+4cl 9501 £-€0l o-1o1 1-001 0°56 2°26 9°06 2°68 FALY] 1°98 veng 1728 £9 ,
L7101 z+101 0°001 8°96 | 9"vb 126 6726 6716 9°06 L°18 1°48 9°28 oeRL 0s |
ap ‘1dS e I
ot [ ou 021 ot [ oot ] oe 8 | oo T os T s 0% o€ 0z uﬂ;w.wwm
dop ‘o

HdN PawuwLIUMOp * (07 1891) p dUOZ PaIsTipy (1)

panunjuod—- L I1dVL

39



94207 V2Tt 0°511 3°571 9°511 L4911 6°£11 we2yr | 20Tt 9°e 01 £°801 6°907 CILE) 6201 £56 14SY0
5 A
998 198 %*g68 5*98 S AL 1°1 HeZg 0 TTTTTT mmmmem mmenem | memmmm s 0008
............ £°28 5°98 1°L8 1°88 0°06 %08 2°98 £*es €°28 818 -mem-- i i 00€9
...... G"9L 0°g8 2°68 9°06 0°06 168 9°88 0°68 8°L8 1°98 6°€8 ve18 8206 ----- 0005
...... [RL-T3 918 6°26 2°46 Z %6 6°46 E°%6 9°€6 928 9°06 068 0°98 LT —m-e- 000%
Tl 4°18 2°88 2°¢6 8*sb 1°86 Z°o01 2°66 FANY-Y L*%6 1°26 6°68 1°68 v 16 - 0s1¢
sS4 448 L°06 A1 6°L6 v*66 9°001 6°66 1°86 2796 9°ve 92 Ze68 2°9g  ----- 0062
€°9¢ 1°98 8°26 L*96 8°86 L*66 94001 8°66 $°g6 6°96 227 Y6 1°16 Le18 Zeoe 0002
S°gL 4°38 1°%6 1°86 L 6b 1°001 £°001 §°66 6°86 1°L6 €°66 8°€6 9°16 s°88 508 0091
208 9*68 096 07001 §°001 8°66 6°66 %°66 Z°86 9°96 1756 Z2°%6 816 2768 6°08 0521
5* 28 LA [ 0°L6 1°101 1°Z01 €°201 2* 101 2°001 186 6°96 8°56 9°%6 2°26 168 6°18 0001
6%y 6 €6 266 4°201 6°201 1°€01 Le201 1°101 L1466 0°86 6°%6 0°S6 1°26 9°68 2-28 008
$°ly 9°56 4*101 %°€01 z°201 2°€01 €°201 €°101 0°001 €£°86 9°96 2°96 g €6 S*68 048 0€9
L°06 L6 z*€01 2°¢01 L°€01 9°£01 0°£01 #*101 966 5*86 6°96 £°96 0°%6 0°06 AT 006
924 1°66 »*201 1*201 S* €01 2°¢01 €°201 8°001 §°66 €°86 0°L6 6°56 2°¢6 0°06 1°48 0o%
6°%6 8°101 6°101 2°zo1 1°¢01 3°*£01 L*101 6°66 L°86 1°86 $°96 356 G*€6 0°T6 9°98 S1€
€°16 €°201 8°€01 €°£01 €°€0t 6°201 8°001 0°66 2°86 9°Le 696 056 126 €16 £°68 0z
s8¢ 4°£0% 1401 €°€01 6°101 1°201 8°001 0°66 1°66 s°Le 0°L6 €£°¢6 1°26 S*06 1°eR 002
€86 €°€01 8°%01 4401 0°%01 8°001 L°001 $°86 £°86 6°56 0°96 2746 L°06 1°06 LT 091
LTS 2°201 0°s01 L*%01 €°401 1*10t 6° 66 $°16 0°96 %°56 LA 73 €06 5*06 v°88 944 s21
196 L*€01 0°401 6°901 9°€01 0°66 8°L6 0°96 L°56 846 LAL TS 526 L°06 s*og 2°€R oot
996 0° 201 9°401 €°%01 S°101 0+001 1001 9°86 1°L6 8246 (3313 Y26 %58 9758 908 oR
LTS 1201 2°401 €°501 6°501 4401 0*201 966 S°L6 €46 8°€6 4°68 1798 €18 | ----- €9
Y %46 6*201 §°401 1501 8%501 $*101 5°86 §*96 CAL A L*06 Z*16 168 168 g 1g | ----- o¢
ap *1dS
09t | ost | ot [ oer [ ozt [ ot | oot [ 06 [ e | o s | e ] o | et 0z R
3ap ‘g
UdN PRUWIIIUMOpP ‘(g7 1S91) ¢ suoz wnunxspy (1)
£°36 6 b6 910 8101 £e201 w201 8107 €*101 2°11 800071 S*CO0t s°g01 1'66 s* L6 2425 14S¥0
................ YoEL 6°€l €°6L »"SL 9°GL 9°6L Yool €°9L —--- - ---- - 00£9
..... 4*e9 L0l 9°4L 0% s°6L 1°LL 811 9°8L ¢T6lL L8l 9°12 L2t 0°08 mome 000§
..... £ 0L b EL 182 908 9°28 5*28 8+28 8728 428 0-z8 6°08 zeee s°€8 ——m-- 000%
L°99 [RaT 6°%L 6°6L 9°28 €°68 L°98 6°98 €°98 1°68 s°€8 L*18 868 £°68 | ----- 05 1€
L*LS 9°€L LUl 4*18 6°%8 z°L8 z°88 1°98 s°18 8°98 598 8*28 948 1°%8 | ----- 0052
ht6y 9°5L 2°08 0*€8 L1768 LT} 6°1.8 88 9°L8 1eL8 [Rg4] LA 9°€8 1°28 1°8L 0602
£°2L £°LL L*18 9° %8 1°98 €°18 1°18 v°18 €218 0°18 6°68 6°58 LAST] 828 0°nL co91
(X9} §°1L z*28 £°sy 8°L9 2+98 818 s*18 018 8°98 198 2*18 2°s8 6°€8 881 0621
LN 2°8L 8°€g 1498 6789 ve68 0°68 s°88 918 1°L8 018 9°L8 1°9¢ 448 1°C8 0001
Y s°C8 648 818 868 8°06 1°06 8°68 9°68 £°68 L3t L] 6°88 0°LE 158 6°08 008
£l 028 €°98 188 §°68 €°16 £°06 L*06 6°68 5°88 8°.8 9°68 €18 198 €°18 0€9
1*6L [AXT] Y] £°06 116 2 16 %°06 8°68 €68 €£°68 (341} 8°16 1748 €98 0c€e 00%
(A1 FAL " 9°88 €°06 116 %°16 9°06 %*06 9°68 %58 JALY:] €26 016 8°g8 £°58 00%
27ty 198 b*68 €16 L°16 0*16 §°06 #°06 €°06 9°16 8°26 FA 1) 6°06 €°18 ¥°28 G1€
6% 0y R %16 %*16 s*16 L°26 s 26 6°T6 s*16 4* 16 L°06 [413 L°98 9*48 z-08 0sZ
[ R4 2*16 1°%6 %°26 5°€6 5°€6 1°26 0°16 L*16 S°68 €°68 0°%6 €°58 9°28 [RL7 002
[T 2°2 S°t6 2vee 9°16 1706 $°68 s*68 6°88 4°88 118 8°€6 848 9°18 98 091
6Ly 4°16 126 0°26 2°06 9°88 Leg8 (AT 4+88 1°L8 0°58 17 €6 b €W € o 7 6L %3]
c*L8 2°ce v*26 6°06 1°06 218 9°48 458 198 2°€8 0°s8 8°26 €°18 beLl 6 €L 00t
L9y 406 L*18 6°98 £°98 5°98 9°¢8 9°¢8 €28 9°€8 €°58 568 z°28 AT €°51 [\
(ST L1°98 €°98 z2°98 LAY 948 0°%8 2-28 8°28 seeg €28 9°88 9°08 | --—- | - €9
9° 16 v*28 528 €£°€8 518 962 €°61 6°08 908 108 6°1L [34:} L A et Bl 0%
4p '11dS
1 | ost | on 0e1 0zt ort [ oot T s 08 0L 09 os [ oy [ et 0z A
32p ‘g

YN pawurnjumop *‘ (zz 1891) asmod AJslniW (M)
panunuod—-* L IT4dV.L

40



s*201 L0211 £71 2es11 | ety aentr | orgul 121t serit 9601 te901 | 0cu0t [ geser 20201 3's6 1dS V0 by
|||||||||||||||||| et 6°48 0°68 4*88 %°98 9°e8 928 it it - it m=--- 0008
............ 1] 0°i8 1°18 168 8-60 6718 6°48 1°€8 9-28 €vze O e 00€9
Lol o1l v°58 268 2°06 $*16 468 8°88 818 s*18 1°98 1-48 Le18 o1 | oo 000
0°st <" 08 9°88 6°26 €296 1°96 256 196 1°€6 126 116 To68 1°18 Lev8 | ---e- 000y
961 428 ¥°88 z+g6 6°56 66 $*001 1°66 0°16 0°s6 vez6 2706 0°06 L1889 0sT¢
8eLL 458 16 9°56 8°L6 =001 0101 1001 v°96 9°96 S o6 <-z6 0°06 898 0052
<06 €18 ) €416 L1486 8°001 6001 9%66 5*86 vL6 696 1e€6 9°16 Le88 s*61 0002
9*28 9°68 €£°56 9-86 6°86 1101 87001 £°66 0°86 L96 £°56 St b ze€se 68 ye08 0091
298 9°16 956 8466 £°001 €101 €001 €86 L°96 279 5*56 <=6 z°€6 %06 9°08 0521
9°18 1°¢6 0°86 0°101 | 9701 8201 €101 6°66 $°86 1°L6 0+96 €46 L€6 0°16 8e18 0001
b utb 6°56 566 ¥ 101 9°101 8°£01 €201 8°001 €766 9°86 0*Ls 1r56 0°%6 8°06 s*z8 008
9°c6 L6 s-101 9:zot | w101 €01 1°201 z-101 7766 L*g6 <96 2°% 946 L*06 128 0€9
1°96 €= col 6101 9°101 | %201 €01 9201 0°101 5*66 $*86 696 6256 9°%e £°16 948 005
866 9°001 L°101 6°t01 €°cot € €0l 1°e01 2*got L°B6 9L 6°96 2°96 9°v6 06 6°%8 ooy
096 z2*101 9°101 #°101 8° 101 €01 1101 001 L°86 1°86 596 Sece 6°€6 v 16 0°98 STE
€16 z°201 L1201 ye€ct | L1010 1201 ze101 9*66 0°86 6°L6 L96 9756 ) 8716 fecn 0s2
v 56 1-101 8*zC1 8-g01 | e°l01 1°201 Le66 €86 z°16 € L6 vece 6% 46 0°€6 1406 g-98 002
216 2+ 201 €*€01 5°201 1-201 z*101 1466 8°L6 196 0°96 296 6c6 ) 6°18 z2*%8 091
£°L6 1201 1°901 8°%01 | 9201 Y66 L*96 v°c6 €796 €266 °6 146 €726 feL8 L28 szt
9t Lt 17601 €07 8°501 | sg°T01 9°66 0°86 116 596 £°56 ) v°g6 €68 $°58 6°c8 001
€16 9201 9*101 veg01 | g-z01 2101 0*101 1°66 1°9 946 0°16 6°88 968 Les8 4*08 08
b° 50 s*z01 9+€ct L°s0T | o0-z01 686 9°66 z°g6 2*%6 L*16 806 968 6°58 2758 8- 18 €9
zeLb 0* 101 Lez01 L*g01 | €001 6°i6 2*s6 1+26 $°16 €16 1"16 1°98 0°z8 €°€8 ve9L 0
g '1dS
091 051 021 ZH ‘4080
| [ et [ eer | oer | ort [ eer [ o6 [ o8 [ oo [ e [ o5 | o [ & | o oo
3ap ‘g
HdN DRUILILIUMOD (57 1833) § BUOZ POONPIY (W)
2es01 | 9t 2911 heary | 2°wTT 6511 £0811 o [ oanm 60607 5201 9907 £on07 RRTE £ons 145¥0
...... 6°98 vec8 €98 L°s8 9°¢8 2°28 —----- -mone- ———eee —emeen — 0008
............ 661 6°¢8 z*98 858 0°06 9°18 848 1-€8 518 s 18 —eee S— —men 00€9
...... £eal 9°18 »°9g Lo68 588 v 68 188 $°18 818 858 2-€g 0°18 se6l - 0005
...... 10z 9°5% Le06 2°ee €6 s*s6 €96 1°c6 8°16 9°06 1-88 0°98 z+€8 - 0004
zeu 018 =98 6°06 £°56 826 1001 €266 0°L6 596 2+26 5*68 geLe 1206 | - os1¢
151 1°€8 69 8°¢6 z°L6 066 8001 6°66 186 1°96 €96 6°06 468 1+98 9°6L 0052
1oL 6°58 816 2°56 2°86 8°66 £001 9766 z2°86 2+96 1246 $°26 £°06 6°L8 2-6L 0002
8°61 9°18 16 8°96 1°86 566 £°001 2°66 1°86 £°96 6°%6 S*€6 z-26 2°68 #°08 0091
1018 6°88 46 6°16 1766 6°66 6°66 8°86 v l6 596 0°s6 1rv6 1°z6 69 €08 0sz1
L] €16 1796 66 €°101 Le101 201 L°66 8°86 6°96 €256 9°v6 226 68 c*98 0oot
1°98 2-t6 0%66 2°101 | 6°T01 L*201 »z01 9+001 £°66 L°L6 g°56 Se96 0°e6 9768 2*18 008
%°88 56 9°001 8°101 | Yezol z+€01 9-201 6°001 £°66 SeLe 2796 €56 8°t6 6°68 v°18 0£9
9°16 z°86 9101 s=201 | v°z01 S €01 0+201 94001 6°66 9°16 $*9 0+96 1°¢6 1°06 6728 00
156 v66 8°101 6°001 | 0°€0T 9°201 Le101 9°001 z2'86 6°L6 996 6756 6°26 8°69 128 00y
u*s6 gecol | 0-z01 9°101 | T1°201 9201 5001 1°001 6716 8°96 5756 1°96 £°€6 5+06 you8 1€
0°L6 L 101 | e-gol 9101 $*201 9101 £+ 001 986 196 1-i6 279 0756 6°26 9*68 £e48 0s2
$°66 Le101 1*501 ¥°€01 | s°z01 9°z01 Z+ 001 €86 €16 6°96 856 veg6 L°z6 T°68 9°€8 002
2766 z=g01 | 0°%01 €°€01 1°201 6°66 6°001 9°96 196 £ 56 0756 IR 216 0°88 pe1e 091
1486 1-101 0*501 Se401 | €°€0T 0°201 586 €796 9756 5°€6 L1226 6°16 206 <*98 9°18 szt
116 Lecot | &*»o1 L=€01 | L°z01 066 L*s6 z°s6 2-€6 £°06 0° 16 8°06 568 L*se s 18 001
¢*98 »*101 | 9101 0°s01 | z*101 8°86 £°96 696 0°%6 6°€6 126 9*18 6°s8 z7°s8 zete o8
6°€6 20001 | i-z01 s*zo1 |z o001 266 $16 996 £°E6 £*b 1°16 y*06 £eby 548 1ty €9
L*%6 566 §°201 2°201 i*101 6°L6 £° %6 0°26 0°€6 226 1718 $*98 z=st $°08 1°4e 0% ,
- J
g 1dS _
ZH ‘4060 '
05T | ost | | oet | ezt ] ottt T oot ] omwm o8 | oo T oo T os [ o [ ue 0z T
o

AN PRUIUIIIUMOP * (b 1591) § BUOZ WNUIXBI (uI)
panunue)— L FIEVL



6°501 1T 5°217 2813 9eTT 0411 2°s11 €111 . 9%0TT £°607 2°80?t 0°401 6401 0rz0t 9°56
uuuuuu £°68 598 ————— it ———--- Eiaintatel ———--- —m---
............ 0°s8 $°98 1°16 2°06 €26 2°06 8°98 $°68 9°%8 1°¢8 i Rt -
...... 8°8L $°98 £°06 1°%6 8°26 £°26 0°16 £°68 1°68 8°L8 £°98 6°€8 8°%8 -
6°€d s°eg 8°68 8 €6 L°Ls 1°L6 8°96 6°66 8°%6 L°E6 z°26 6°06 2°68 €°18 0 -
L9 (1R 1] 9°06 Y96 1°86 9°001 £°101 6°001 €°86 9°S6 s$°eb 8*16 %*06 9*16 -----
(VR ¥3 z°98 6%26 1796 0°001 9101 1201 6°001 1°66 416 €°66 2°E6 S$*06 s°8 -me--
164 v*88 8°te Z°86 966 1201 9°101 %*001 6°86 1°L6 1) 9°¢6 Z°1e %68 Y81
6708 Y68 2°sé6 2°86 27001 6°001 Z2°101 L°66 £°86 %*96 [ 1} [l 1) 8°26 S 68 6%l
918 $*C6 6°66 5°66 G101 1°001 1001 2°66 8°L6 0°Lé6 t-96 6" %6 £°€6 2°06 LoLL
£ty 125 6°96 9°66 8101 L*101 9101 4°001 9°86 %*l6 $*96 1°66 L 4 -1 6°68 0*08
6°9Yy 8°%6 8°66 9°10t $*201 6°201 s*2o01 1001 €66 1°86 9°96 0°¢6 0°%6 2°06 s*18
1°686 9*96 8°001 #*101 1-cor1 L*101 0°201 5°001 4%66 6°L6 L*96 ¥°66 L°€6 1°68 L*18
#*le 0°86 0°101 L*101 27201 $°201 6°001 1*001 £°66 L*L6 1°96 §°66 0°%6 106 €£°28
£ he L*86 ¢°001 6°001 L*°101 »°201 0*101 £°66 2°86 0°86 £°L6 496 6°E6 £°06 948
6°Ye 1°86 17001 8%66 8001 L*°101 0*001 2°66 6%L6 s°L6 6*96 €°96 1°%6 L*68 66 R
196 666 9°66 £°66 6°201 1+201 6*86 Z°86 LA ) 0°Le %*96 196 §°26 £°06 bee8
C*l6 8°001 1°001 1*101 $*101 £°101 H*66 6°L6 0°86 9°96 %56 H*66 s°16 L°68 sc08
0*Ls 9°101 1°001 s*101 g*101 Z2°101 1°86 L*96 1°i6 v*56 8°S6 0°€6 £°T16 988 2°1y
$°96 Z*101 89°201 2°201 1101 8766 2°86 L6 6756 €96 926 0°¢€6 8°06 1°98 [thira]
L1746 9°001 6°201 0~201 Z°00t 116 L*L6 LA 1) 2°%6 2%t6 826 L*16 4°98 6°%8 L°8L
2°%6 1°0601 0°2ot L°001 S°l6 166 866 9°66 9°%6 £°¢€6 0°€6 0°68 €£°88 6728 6°3L [¢]]
L*EsL 266 Y*66 Z2*101 9 L6 6£°86 £°96 6°26 Y26 €°06 6°06 Ze68 £°88 198 | ----- £9
9°Ce $°001 €°66 £°86 g°L6 8°L6 0°56 8°06 8°98 1798 G°88 468 LaFa:] 2Ty | ----- 0s
ap ‘1dS
091 081 1 €1 ozr | ot 001 06 | o8 0L 09 0% oy 0¢ 02 meﬂme
83p ‘g

WdN PoWWIIIUMOD ‘(97 183}) § duoz pajsnipy (o)
papnouo)—- . A1EV.L

42



Figure 1. F-111 airplane.

Low pressure compressor
High pressure compressor

Combustor Afterburner
Turbine Primary nozzle
Fan Fan duct Blow-in-door ejector nozzle

i

[ ———— | _
@ ®

Figure 2. TF30 afterburning turbofan engine and station designations.
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Zone

— 1
-——— 2
— 3 — 3.0
- 4
1.2 — -5
— 2.5
1.0 —
/ / — 2.0
/
.8 . / K
= 5 _ _ Fuel flow for
Fuel flow for TTTTTTTT YT LS ealcbr;sz%ne,
each zone, .6{— /
kg/sec
b — 1.0
4 /
2 ,/ — .5
1
1
0 l / I | _]
60 100 110 120

Throttle angle, deg

Figure 4. Afterburner zone fuel flow schedule for typical static test.

Open blow-in door

Figure 5. TFJ30 afterburner and exhausi nozzle.
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Figure 6. Traversing rake in full inboard position.

2 AR
4 f}

Irlir-Rh
thermocouple

Total pressure probe -
Shielded Pt/Pt-Rh oy
thecuple 7

Shielded ir/lr-Rh
thermocouple

r/lr-Rh
thermocouple

Figure 7. Probes on traversing exhaust survey rake.
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|

Exhaust cerlterline

¥ ]
0 10 m (33 ft)
108 135 v
o, deg 90 124 143 33m
Concrete (110 ft) Asphalt
100 115 125 ‘
—0——0—0——0—0-0—00000—0 -O-
o, deg 30 0 50 70 90 110 120 130 140 150

Asphalt

Figure 9. Microphone layout used for static noise survey.

Figure 10. Sideline array of inverted microphones used for static noise survey.
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l Direction of flight

— ~-—15.2 (50.0)

Dry lakebed

Figure 11. Microphone array used for flyover noise survey.
All dimensions in meters (feet).

e =]
| T [

Radar transponder —/‘ 13.0 r; \ .
- )_

ET

Exhaust axis

Microphone

Figure 12. Definition of angles and offset for radar transponder position
for flyover noise survey.
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Outhoard Distance from exhaust center, in.
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(a) Total pressure.

Figure 13. Exhaust velocity survey flow parameters.



Power setting
—— Reduced zone 5
——— Maximum zone 5
—~— Adjusted zone 4
—--— Maximum zone 4
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(b) Total temperature.

Figure 13. Continued.
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Power setting
—— Reduced zone 5
—— = Maximum zone 5
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(c) Velocity.

Figure 13. Concluded.
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Figure 14. Ten-meter (33-foot) sideline static noise.
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Figure 15. Thirty-three-meter (110-foot) sideline static noise.
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Figure 16. Comparison of measured with predicted static noise.
Thirty-three-meter (110-foot) sideline.

57



58

OASPL,
dB

140 —

136

132

128

124

120

116

112

108

104

(o] Measured noise
Total noise

O

——— let mixing noise} Predicted (ref. 3)

—-— [nternal noise

I | I

100
20

40 60 80 100 120 140
g, deg

(b) Maximum zone 5 power setting.

Figure 16. Continued.

\

\

| |
160 180



Measured noise—
Power setting
140 — O  Reduced zone 5 (test 8

)
O Maximum zone 4 }Equal thrust °©

Predicted noise (ref. 3)— o
136 — Total

———Jet mixing
—-— Internal

132 —

128 —

124 —

OASPL,

120 —

116

112

108

I I I I I N I
10020 40 60 80 100 120 140 160
o, deg

(c) Reduced zone 5 (test 8) and maximum zone 4 power settings,
equal thrust.

Figure 16. Continued.

59



OASPL,
dB

140

136

132

128

124

120

116

112

108

104

100

20

Measured noise—
Power setting

— O  Reduced zone 5 (test 11)
O  Adjusted zone 4 }Equal thrust o
Predicted noise (ref. 3)—
. Total
———Jet mixing
—-—|nternal a
o
O

I l | I l ! |

60 80 100 120 140 160
o, deg

(d) Reduced zone 5 (test 11) and adjusted zone 4 power settings,
equal thrust.

60

Figure 16. Concluded.



SPL,
dB

SPL,
dB

110 —

100 —

90—

80

120 —

110 —

100 —

90

O  Measured
—— — Predicted spectral shape
(ref. 11)
O.00-0Q.
o~ C55=~
o]
o Db
Vs ~
(O
>
I I I I N
100 250 630 1,600 4,000 10, 000
One-third OBCF, Hz
(a) O = 40°.
O  Measured
— —— Predicted spectral shape
(ref. 11)
o,o’o/ 000
_ ‘O‘o%
o) ~Q
7 D\
O
I I I I I
100 250 630 1,600 4,000 10, 000

One-third OBCF, Hz

(b) © =90°.

Figure 17. Comparison of measured with predicted sound spectra
for military power setting at 33-meter (110-foot) sideline.
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Figure 17. Concluded.
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Figure 18. Comparison of measured with predicted sound
spectra for maximum zone 5 power setting. Afterburning;
33-meter (110-foot) sideline.
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Figure 18. Continued.
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Figure 19. Comparison of sound spectra for equal thrust
maximum zone 4 and reduced zone 5 (test 8) power settings.
Thirty-three-meter (110-foot) sideline.
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Figure 19. Concluded.
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Figure 20. Measured noise sources for TF30 engine and hot jet model.
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Figure 21. Comparison of measured with predicted flyover noise for military
power (test 12) power setting. Supersonic exhaust; 152-meter
(500-foot) flyover.
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Figure 22. Comparison of measured with predicted sound
spectra for military power (test 12) power setting.
Supersonic exhaust; 152-meter (500-foot) flyover.
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Figure 22, Concluded.

73



102

98

OASPL,
dB

94

90

106r

86
20

Measured noise—
Power setting
O  Military (test 16)
O  Military (test 22)
Predicted (ref. 3)—
Total noise
———Jet mixing noise
—-— [|nternal noise

l |
140 160

Figure 23. Comparison of measured with predicted flyover noise for military
power setting. Sonic exhaust; 152-meter (500-foot) flyover.
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Figure 24. Comparison of supersonic with sonic exhaust
sound spectra for military power setting. One-hundred-
fifty-two-meter (500-foot) flyover.
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(a) Maximum zone 5 (test 13) power setting.

Figure 25. Comparison of measured with predicted flyover noise. Supersonic
exhaust; afterburning power settings; 152-meter (500-foot) flyover.

77



124 —

120

116

112

OASPL,

dB 108

104

92
20

78

O  Measured noise
Predicted noise—
_ Total
——-— Jet mixing
—-—  |nternal ref. 3
—--— Shock (ref. 12)

% \
wo- /7 \
/4

96 —

I | I l l | . |

40 60 80 100 120 140 160
e, deg

(b) Reduced zone 5 (test 15) power setting.

Figure 25. Concluded.
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Figure 26. Comparison of measured with predicted flyover noise.
Sonic exhaust; afterburning power settings; 152-meter (500-foot) flyover.
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Figure 26. Continued.
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Figure 26. Concluded.
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Figure 27. Comparison of supersonic with sonic sound
spectra for afterburning power settings. One-hundred-
fifty-two-meter (500-foot) flyover.
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Figure 27. Concluded.
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Figure 28. Comparison of inferred internal noise from afterburning
flyovers with predicted internal noise. MO ~ 0.4.
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Figure 28. Concluded.
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Figure 29. Comparison of inverted with uniform exhaust velocity profile
flyover noise. One-hundred-fifty-two meter (500-foot) flyover.
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Figure 29. Continued.
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Figure 30. Comparison of sound spectra for inverted and
uniform exhaust velocity profiles for 152-meter (500-foot)
flyover., 6 = 130°.
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